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ABSTRACT 
Kachchh basin is situated at the southern edge of the Indus shelf at right angles to the 
southern Indus fossil rift. It is bounded by the Nagar Parkar fault in the north, 
Radhanpur Barmer arch in the east and Kathiawar fault towards the south. The basin 
extends between latitude 22°30' and 24°30' and longitudes 68° and 72° E covering 
entire Kachchh district and western part of Banaskantha (Santalpur Taluka) districts 
of Gujarat states. The total area of the basin is about 16,500 sq. miles of which 
outcrop area include only 500 sq miles. The basin is filled up with 5000 to 8000 ft of 
Mesozoic sediments and 1800 ft of Tertiary sediments. 
The present study mainly aims to interpret the importance of microfacies, petrofacies 
and diagenetic study of depositional environment, provenance and tectonic setting of 
Kachchh basin as well as degree of compaction, cementation and depth of burial of 
the enclosed sediments. Three well exposed lithosections were measured from 
different localities of the Jhurio Dome. Lithosections were prepared on the basis of 
field data and lithofacies were identified. 
The four members sandstones are generally medium to fine grained, moderately to 
poorly sorted, strongly fine skewed and platykurtic, mesokurtic, mesokurtic and 
leptokurtic. The sand grains subrounded, subangular and rounded. Majority of the 
grains show low to medium sphericity. Texturally the studied sandstones are sub 
mature. The interrelationship between various textural parameters appear to be, 
normal there by, suggesting that the original texture of the sediments and by 
implication, original detrital modes are preserved and have not been affected by 
diagenetic process. 
To interpret the depositional environment, facies analysis is categorized into two parts 
i.e. microfacies for the limestone units and lithofacies for the sandstone units of the 
study area. The temporal distribution of the microfacies assemblages reflect an inter-
relationship of three sub-environment i.e., slope, carbonate shoal and lagoon 
representing cycles of coarsening upward or deepening - shallowing cycles. 
However, the change between successive sub-environments is both gradual as well as 
abrupt. The abrupt change may be attributed to quick transgressive - regressive 
events probably under the effect of local tectonics (uplift or subsidence due to 
faulting) or fluctuations of sea level. Two distinct lithofacies assemblages have been 
identified based on association of their textural characteristics and sedimentary 
structures with one another and their environment of deposition is interpreted as wave 
dominated inter tidal / sub tidal deposits and storm-wave dominated shoreline 
deposits. The depositional environment inferred on the basin of microfacies and 
lithofacies assemblages were later clubbed into one in order to construct a conceptual 
depositional model. 
The detrital content of the studied sandstones is mainly composed of several varieties 
of quartz followed by feldspars, micas, rock fragments and heavy minerals. Bivariant 
log/log plot used for interpreting the paleoclimate of Jhurio Dome Sandstones. They 
indicate a humid climate for the region. The Z-T-R index obtained from study ranges 
from 43 to 67, indicating low to moderate relief in the provenance. 
The Qt-F-L plot suggesting contribution from the craton interior with basement uplift. 
The Qm-F-Lt plot shows that the samples fall in the continental block provenance 
with little contribution from the recycled orogen provenance. The Qp-Lv-Ls plot 
which is based on rock fragments population reveals the source in rifted continental 
margin and collision suture and fold thrust belt. In the Qm-P-K diagram, the data lie 
in the continental block provenance reflecting maturity of sediments and stability of 
source area. 
The provenance for Jhurio Dome Sandstones is believed to be weathered parts of the 
present day Aravalli range situated northeast, east and southeast of the basin and 
Nagarparkar massif situated northeast, east and southeast of the basin. This is 
indicated by sand dispersal pattern studied by various workers. 
The sandstones are cemented with iron oxide, carbonate, silica and clay cement which 
are clearly distinguishable from detrital components and the former have not modified 
the later except in some patches. Porosity loss due to cementation in the studied 
sandstone indicates that cement and matrix played a dominant role in reducing 
depositional porosity. The average minus cement porosity plotted on standard graphs 
suggests a depth of burial of about 777 to 2750 meters for sandstones of Jhurio Dome. 
The abundance of floating grains in the studied sandstones is suggestive of limited 
pressure solution activity in these sandstones. The low contact index values of the 
four members of Jhurio Dome Sandstone are due to pervasive development of calcite, 
Fe- calcite and silica cements, which probably precipitate at later stage. 
The diagenetic signatures of compaction, cementation, micritization, neomorphism 
and resultant porosity and permeability observed within the limestone members of the 
Jhurio Dome at different stratigarphic levels suggest early or syn-depositional and 
post depositional changes in marine phreatic (all carbonate members), under-saturated 
freshwater phreatic (Jhura Golden Oolite, Goradongar Yellow Flagstone and Sponge 
Limestone members) and deep burial (Badi Lower Golden Oolite, Jhura Golden 
Oolite, Jumara Coral Limestone and Dhosa Oolite members) diagenetic 
environments. 
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CHAPTER -1 
INTRODUCTION 
Jurassic rocks are considered to have played a vital role in developing various concept 
and schemes, which has laid the foundation of modem geology. Smith (1779-1839) 
introduced to geological community with the principle of stratigraphy by working out 
the "Law of Superposition" and identification of "Index Fossil" in particular strata. 
Orbingy (1842) formulated "Scheme of Stages" and Oppel (1856) developed the 
"Concept of Zonation" in stratigraphy. AD these geoJogical concepts were derived 
from the studies carried out on Jurassic rocks. 
Jurassic Period is considered to record the deposition of widely divergent sedimentary 
rocks outcropping in different parts of the world. The heterogeneous nature of 
Jurassic deposits suggests highly divergent physico-chemical condition in and around 
the sites of deposition including topography, palaeoslope, depth of basin, etc. as well 
as marine conditions. Although vast exposures of Jurassic rocks have been recorded 
from various parts of India but the most developed Jurassic sedimentary sequence are 
extensively found in northwestern part of Indian peninsula. 
TECTONIC HISTORY OF WESTERN INDIA 
The major portion of the Indian Peninsula is the Shield area with intracratonic and 
pericratonic fault bounded basins. More than half the area of Peninsula exposes 
Archaean gneisses and schists, Precambrian sediments and igneous rocks which have 
been metamorphosed to various degrees. The rest of the Peninsula is covered by 
volcanic flows (Deccan and Rajmahal Trap flows). Late Precambrian-Early 
Palaeozoic sediments and Gondwana rocks. 
Krishnan (1953) brought out that there are certain persistent regional trends noticeable 
in the Precambrian rocks of different parts of India. These trends are regional 
foliation, strikes, fold axes of ancient mobile belts and strike faults which are manifest 
as regional tectonic lineaments. Basement controlled tectonics have been discussed by 
many authors (Beloussov, 1962; Prucha et. al, 1965; Eremenko, 1968; Milanovsky, 
1972; Katz, 1978, 1979; Biswas, 1980, 1982). Naini and Kolla (1982) also brought 
out that horst and grabens in the western continental margin of India were formed by 
reactivation of Precambrian basement trends. Katz (1978, 1979) and Metcalfe (1988, 
1993) demonstrated in the context of the India-Madagascar and India-Sri Lanka 
separation, that Precambrian lineaments were rejuvenated in the Mesozoic-Tertiary to 
form oceanic transform faults and rifts which determined phases of Indian Ocean 
floor spreading. Thus, reactivation of major basement faults and block faulting along 
them gave rise to intracratonic and marginal basins of Indian Shield. Repeated 
movements along them at different times controlled the evolution of these basins. 
The tectonic history of Mesozoic Era began with the fragmentation of Pangea into 
two parts i.e, Gondwanaland and Laurasia. The southern part of the Pangea 
(Gondwanaland) broke apart during Mesozoic itself whereas the northern part 
(Laurasia) broke during Tertiary. The breakup of eastern Gondwanaland from western 
Gondwanaland during Late Triassic/Early Jurassic (Norton and Sclater, 1979) marked 
the beginning of evolution of western margin basins of India and the subsequent 
spreading history of the eastern Indian Ocean. During Middle and Late Jurassic, North 
America rifted from Africa westward that resulted in the opening of North Atlantic. 
Also during the same period of time, India together with Antarctica and Australia 
began to rift away from Africa that gave rise to the graben faulting on the western 
margin of India by reactivation of ancient faults sequentially from north to south 
(Biswas, 1971, 1982). 
The western continental margin of India can be classed as an Atlantic-type passive 
margin (Biswas, 1982). During the course of evolution of Indian plate, three 
prominent pericratonic rift basins (Kachchh-Saurashtra, Cambay and Narmada) 
developed on the periphery of Indian Peninsula (Figure 1). Rifting along Precambrian 
tectonic trends formed these basins. Interplay of three major Precambrian tectonic 
trends of western India, Dharwar (NNW-SSE), Aravalli-Delhi (NE-SW) and Satpura 
(ENE-WSW), controlled the tectonic style of basins. These trends are seen as 
metamorphic belts representing three major orogenic cycles. Of these, Aravalli and 
Dharwar represent the oldest orogenic cycles followed by Satpura (Biswas, 1987). 
The Narmada-Son lineament along the Satpura trend is a major tectonic boundary 
(West, 1962; Choubey, 1971) dividing the Indian Shield into a southern peninsular 
block and a northern foreland block. The Dharwar trend is parallel to the faulted west 
coast of India and a series of extension faults responsible for widening the western 
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Figure 1. Tectonic Framework of Western Margin Basin of India 
continental shelf (Mitra et. al., 1983). Its northward extension into the western part of 
the Indian Shield across the Narmada rift gave rise to the Cambay basin. The third 
important tectonic trend is the NE-SW Aravalli trend, which splays out into three 
components at its southwestern extremity. The main NE-SW trend continues across 
the Cambay graben into Saurashtra as a southwesterly plunging arc. The arc extends 
across the continental shelf dividing it into a northern Kachchh-Saurashtra shelf and a 
southern Bombay-Kerala shelf (Biswas. 1987). The northern component of the 
Aravalli orogen, which is the trend of the Delhi fold belt, swings to E-W and 
continues into the Kachchh region across the Cambay graben. The Saurashtra horst 
remains as a foundered block between these three intersecting rifts along the major 
Precambrian trends. It is more or less square shaped block tilted to the southwest. Its 
straight western margin is also faulted margin, which follows the Dharwar trend. The 
western margin fault cuts across the Saurashtra arch uplifting this block. 
The three marginal basins of western India evolved in four stages: -
Stage 1: Kachchh rifting along the Delhi trend was initiated in the Late Triassic as 
evidenced by continental Rhaetic sediments in the northern part of the basin (Koshal, 
1984). During Jurassic time, in the early stages of India's northward drift away from 
Gondwanaland, the Kachchh rift basin was formed by subsidence of a block between 
Nagar Parkar Hills and the southwest extension of Aravalli Range. The first 
occurrence of marine sediments in the Middle Jurassic indicates that this graben 
became fully marine basin during that time. It appears that "Great Boundary Fault" of 
the Aravalli Range extends beyond the continental margin along the northern 
coastline of Saurashtra and acted as a principal weak zone (Roday and Singh, 1982; 
Das and Patel, 1984). The Kachchh basin was earliest of three basins that received 
marine sediments. The Narmada geo-fracture and the West Coast fault remained 
passive as important structural lineament. The southeastern extremity of the Aravalli 
Range was subjected to erosion and peneplanation during this stage. 
Stage 2: In Early Cretaceous time, the Kachchh basin was filled up and the sea began 
recede. The southwestern part of the Aravalli Range was peneplaned. The East 
Cambay fault that bounds the eastern margin (along the same NNW-SSE lineament as 
the West Coast fault) became active across the Aravalli Range. The entire region 
lying west of the East Cambay fault and north of the Narmada fault (Saurashtra arch. 
the extension of the Aravalli Range across the western continental shelf) subsided to 
form an extensive platform. The rivers flowing to the southwest from the Aravalli 
Hills deposited a large volume of deltaic sediments on this platform as it subsided 
with the East Cambay fauh acting as the hinge (Biswas, 1983). The rifting along the 
Narmada geo-fracture was initiated during this time with the opening of a basin at its 
western"^  end, where the rivers flowing along geo-fracture also deposited deltaic 
sediments. 
Stage 3: The Late Cretaceous saw extensive regional uplift in the western part of 
India. The Saurashtra block separated out at this time as a result of renewed 
movements along the western extension of the "Great Boundary fault" (North 
Kathiawar fault), the western margin fault of the Cambay basin, the western extension 
of the Narmada fauh. The Cambay graben came into existence as a rift valley by 
reactivation of its boundary faults. The Narmada rift opened up and received marine 
sediments. Intensive block movement gave rise to uplifts of Kachchh. The foreland 
block north of the Narmada fault and the peninsular block south of it moved up as the 
Narmada graben subsided. The peninsular block tilted eastward, drowning the eastern 
intracratonic grabens (Godavari and Mahanadi) and initiated marginal deltaic 
sedimentation along the eastern continental margin (Biswas, 1987). Towards the end 
of the Cretaceous (60 - 65 Ma) extensive subaerial eruption took place through a 
number of volcanic centres in the Cambay graben. Saurashtra and Kachchh (Biswas 
and Deshpande, 1973) when one of the spreading ridge axes was close to the western 
margin of India (Norton and Sclater, 1979). 
Stage 4: The present shape of the continental margin of India evolved when India's 
drift motion along an anticlockwise path slowed down considerably after its collision 
with Eurasia in Late Eocene-Oligocene time (Norton and Sclater, 1979). The West 
Coast fault was reactivated as the present western continental shelf subsided along it. 
The Cambay graben extended southward along the West Coast fault into the subsiding 
continental shelf. The Cambay and Narmada grabens crossed and mutually displaced 
each other. Conjugate shearing along the bounding fault of the two grabens resulted in 
a right-lateral movement along the Narmada faults and right-lateral movement along 
the Cambay faults (Rao and Talukdar, 1980). The Cambay graben subsided, 
accumulating thick Tertiary sediment over a relatively thin floor of Deccan Trap flow. 
The Saurashtra block remained as a horst while the Kachchh, Cambay and Surat 
basins subsided around it. The subsidence of the western continental shelf basins In 
Tertiary time was the result of thermal adjustment following the Mesozoic rifting 
event. The eastern part of the Narmada graben was uplifted, becoming a rift valley 
again. In other parts of the Gondwanaland the beginning of plate separation in 
Jurassic and Early Cretaceous was marked by the formation of pericratonic rift basin 
similar to the pericratonic rift system of Kachchh and Saurashtra of India (Cannon et. 
al., 1981). 
KACHCHH BASIN 
Kachchh basin (Figure 2) is situated at the southern edge of the Indus shelf at right 
angles to the southern Indus fossil rift (Zaigham and Mallick, 2000). It is bounded by 
the Nagar Parkar fault in the north, Radhanpur-Barmer arch in the east and Kathiawar 
fault towards the south. The basin extents between Latitude 22° 30' and 24° 30' N and 
Longitudes 68° and 72° E covering entire Kachchh district and western part of 
Banaskantha (Santalpur Taluka) districts of Gujarat state. It is an east-west oriented 
pericratonic embayment opening and deepening towards the sea in the west towards 
the Arabian Sea. The total area of the basin is about 16,500 sq. miles of which outcrop 
area include only 5000 sq. miles. The basin is filled up with 5000 to 8000 ft. of 
Mesozoic sediments and 1800 ft. of Tertiary sediments. The sediment fill thickens 
from less than 500m in the north to over 4000m in the south and from 200m in the 
east to over 2500m in the west indicating a palaeoslope in the southwest. 
Kachchh basin is the earliest rift basin that initiated as a result of north and northeast 
drifting coupled with counterclockwise rotation of the Indian plate after its 
detachment from the Gondwanaland during Late Triassic/or Early Jurassic (Biswas, 
1982; Biswas et. al., 1993). Rifting took place within the Mid-Proterozoic mobile belt 
that welded the northern Bundelkhand and southern Deccan proto-cratons (Biswas, 
1999; Radhakrishnan and Naqvi, 1986). The rifting was controlled by the 
Precambrian NE-SW trend of the Delhi fold belt that swings to E-W in Kachchh 
region. 
The Kachchh basin is distinguished by highlands that are the area of uplifts and plains 
that are the basins between the uplifts. The uplifts are oriented east-west along five 
principal faults: - (1) The Nagar Parkar fault (2) the Island Belt fault (3) the South 
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Wagad fault (4) the Kachchh Mainland fault (5) the North Kathiawar fault. Linear 
uplifts along the first four faults have given rise to four sub-parallel ridges: Nagar 
Parkar- Tharad, the Island Belt, Wagad and the Kachchh Mainland (Figure 3). The 
Kathiawar or Saurashtra uplift along the North Kathiawar fault is a quadrangular horst 
bounded by faults on all sides. 
The most striking feature of the Kachchh basin is the occurrence of meridional high in 
the middle of the basin. This First Order Median High "ontrolled the facies and 
thickness of the sediments. It passes transversely across both positive and negative 
elements of the basin so that the uplifts plunge bilaterally and the sub-basins have a 
central high or shallow region. The Median high trends NNE-SSW. To the west of the 
high, the basin is deeper with thicker accumulation of sediments showing change of 
facies from shallow to deeper shelf To the east of high, the basement is shallow with 
less thickness of sediments and the facies varies from shallow marine to littoral and 
fluvial. Most of the uplifts occur on the higher eastern part of the basin. Thus, this 
Median high occurs along the hinge line of the basin and forms a tectonized zone 
featured by intense faulting, folding and intrusions. This hinge is the extension of the 
Indus shelf hinge perpendicular to the depositional axis (Biswas, 1987), which passes 
close to Saurashtra uplift. The Median high started to develop during Late Jurassic 
sedimentation with a greater degree of subsidence on its western flank. It appears that 
the high was formed by the regional bending of the basin along its hinge zone, which 
is parallel to the regional hinge of the main Indus basin. 
The opening of the Kachchh basin to the north of Saurashtra peninsula coincided with 
the transgressive phase of the sea onto the coastal areas of other parts of 
Gondwanaland including the western margin of Indian plate during Jurassic-
Cretaceous time (Krishnan, 1968). A shallow epicontinental Jurassic sea ingressed 
into the Kachchh basin (Biswas, 1987; Krishna, 1987). Much of the Mesozoic 
sedimentation took place during the early rift phase of the evolution of India's western 
continental margin. First, between basin margin Nagar Parkar fault and Island Belt 
fault (Kaladongar-Khadir-Bela fault system) was filled up by granite-cobble 
fanglomerates and arkoses in the rift valley stage and then between the Island Belt and 
the Mainland was filled by continental to paralic valley fill elastics dated as Rhaetic 
by Koshal (1984). The first marine transgression started with extension of graben upto 
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Kathiawar uplift by activation of Nortli Kathiawar fault during rift-rift transition of 
Indian plate movement. The graben was inundated forming a gulf. The carbonates of 
the basin were deposited during this period. In Early Oxfordian time, proto-oceanic 
stage was reached with complete inundation of the embayed basin. The rifting failed 
by Early Cretaceous time when the elastics of prograding delta filled up the basin as 
the sea regressed (Biswas, 1982). 
STRATIGRAPHY 
The Mesozoic rocks in the Kachchh basin range from Middle Jurassic to Lower 
Cretaceous and are exposed extensively in the Kachchh mainland, Wagad, the Islands 
of Patcham, Bela, Khadir and Chorar. Shallow marine Jurassic rocks are extensively 
developed in the Kachchh region ranging in age from Bajocian to Albian, which rest 
unconformably on the Precambrian crystalline basement (Datta, 1983; Bardan and 
Datta, 1987; Biswas et. al., 1993; Saxena, 2000). The total thickness of Mesozoic 
sediments in Kachchh region ranges from 1523 to 3050 meter (Biswas and 
Deshpande, 1983). Much of the Mesozoic sedimentation took place during the early 
rift phase of the evolution of western continental margin. The sedimentation finally 
ceased in the Upper Cretaceous with the onset of Deccan volcanics as evident from 
the presence of huge lava flow which overly Cretaceous Bhuj sandstone in the 
mainland, particularly in its western and southern flanks (Guha and Gopikrishna, 
2005). Deccan lava flows occur as various types of intrusives e.g. plugs dykes, sills 
and laccoliths. These bodies of lavas are localized along major faults in central 
mainland of Kachchh (Biswas, 1999). Tiwari (1948) postulated that the igneous 
activity was perhaps responsible for the domal appearance of the Jurassic rocks of 
Kachchh. The Jurassic rocks of Kachchh characteristically preserve diverse 
assemblage of fossils especially ammonites. They are the oldest rocks in the region 
except for some patches of Precambrian granites (? Erinpura granites) exposed at the 
Meruda hill in the Great Rann of Kachchh. 
Presence of four major faults has been established in the Kachchh region (Poddar, 
1959), all of them have an east-west trend. The first of these faults lies close to the 
north of northernmost range in the Rann of Kachchh. The second fault extends along 
eastern Kachchh, passing through Banni. The third one passes through the northern 
extremities of the Jhurio and Habo domes. The fourth fault stretches along the Katrol-
Charwar ridge, south of Bhuj. 
The Jurassic rocks of Kachchh are exposed in three roughly parallel anticlinal hill 
ranges with an east-west trend and also in an isolated rock mass in east at Wagad. The 
northernmost range is nearly 16km long and includes a number of Islands in the Rann 
of Kachchh viz, Patcham, Khadir, Bela, Chorar from east to west. The middle range is 
the most developed and occupies the northern margin of the Kachchh region. It is 
193km in length and continuously extends in the form of a gentle arc from Lakhpat in 
the west to Habo in the east through Jumara, Jara and Jhurio domes. Another outcrop 
of this range that is 8km long and 40km wide is exposed in and around Wagad of 
eastern Kachchh. A thick alluvial plain from the main range separates this eastern 
extension of middle range. The southernmost range is represented by Katrol-Charwar 
ridge, situated south of Bhuj and covers a length of nearly 64km. 
First account of stratigraphic setup of Jurassic rock in Kachchh region was provided 
by Wynne (1872). Following him, a number of workers such as Wagen (1873-76), 
Oldham (1893), Vredenberg (1910), Rajnath (1932), Spath (1927-33), Pascoe (1959), 
Poddar (1959), Biswas (1971, 1977) attempted to formulate stratigraphic framework 
of the region. In the present study the classification proposed by Fiirsich et. al., (2001) 
has been adopted (Table -1). 
PREVIOUS WORK 
Kachchh region has provided an interesting field to the geologists working on post-
Archean rock sequences particularly Mesozoic's. A reconnaissance type of geological 
work on Kachchh was carried out by Grant (1837), since then a lot of work has been 
done on different aspects of Kachchh geology. Several workers have published papers 
on palaeontological aspects, which had helped in developing the stratigraphic 
sequence, determination of age and interregional correlation. These workers 
emphasized the importance of microfossil for working out palaeoenvironment, 
biostratigraphy. palaeogeography and palaeoclimate prevalent in the area during this 
period (Spath, 1927-33; Rajnath, 1934, 1938; Barnard, 1948; Subbotina et. al., 1960; 
Bhalla and Abbas, 1984; Singh, 1979; Bhalla and Talib, 1980, 1991; Casshyap et. al., 
1983; Fursich et. al., 1991, 1994, 2000, 2001, 2004; Pandey and Dave, 1993; Khosla 
et. al., 1997, 2004; Bhandari and Colin, 1999; Bajpai and Whatley, 2001; Gaur and 
Talib, 2009). 
A lot of effort has been put by the past as well as present geologist to elucidate the 
stratigraphic sequence of Kachchh basin and as such a number of publications are 
available on the geology and general or particular stratigraphy of Kachchh region as a 
whole or a part thereof (Wynne, 1872; Wagen, 1873-76; Rajnath, 1932; Agarwal, 
1957; Poddar, 1959; Pascoe. 1959; Krishnan, 1968; Biswas, 1977, 1993, 1999; Sastry 
and Mamgaim, 1971, Singh et. a!., 1982, 1989: Oldham, 1983; Fursich et. a!., 2001, 
2004; Fursich and Oschmann, 1993). 
Table - 1: Lithostratigraphic framework of the Jurassic and Lower 
Cretaceous rocks of Kachchh Mainland (Fursich et. al., 2001). 
Age 
Albian-Aptian 
Neocomian 
Tithonian 
Tithonian-
Kimmeridgion 
Late Early Oxfordian 
Early Oxfordian 
Late Callovian 
Early Callovian 
Upper Bathonian 
Upper Bathonian-
Bajocian 
Umia Formation 
Katrol Formation 
Chari Formation 
Patcham Formation 
Jhurio Formation 
Kachchh Mainland 
Bhuj Mb. 
Ukra Mb. 
Ghuneri Mb. 
Umia Mb. 
Dhosa Oolite Mb. 
Dhosa Sandstone Mb. 
Gypsiferous Shale Mb. 
Athleta Sandstone Mb. 
Ridge Sandstone Mb. 
Shelly Shale/Keera Golden Oolite 
Mb. 
Sponge Limestone Mb. 
Purple Sst./Echinodermal Packstone 
Mb. 
Jumara Coral Lst. Mb. 
Goradongar Yellow Flagstone Mb 
Jhura Golden Oolite Mb. 
Canyon Lst./Badi Golden Oolite 
Mb. 
Badi White Lst. Mb. 
In spite of the great attraction the Kachchh region draws from geologist, little work 
has been done on the sedimentological aspect dealing with lithofacies, microfacies 
and provenance study (Baiagopala and Srivastava 1975; Bose et. al., 1988; Mahender 
and Banerji, 1990; Bandhopadhyay, 2004; Dubey and Chatterjee, 1997; Nandi and 
Desai, 1997; Mishra and Tiwari, 2005; Ahmad et. al., 2006; Ahmad and Bhat, 2006; 
Mishra and Tiwari, 2006; Ahmad et. al., 2006, 2008; Tiwari and Mishra, 2007; 
Mishra and Pandey, 2008; Mishra and Krishna, 2008; Mishra and Biswas, 2009). 
AIM AND SCOPE OF WORK 
Recent trend in sedimentological research involves microfacies and diagenetic studies 
and a number of publications covering these aspects have appeared in recent years. 
Some recent significant publication dealing with microfacies and diagenetic studies 
are by Tucker, 1985; Hess, 1986; McBride, 1989; Atkins and McBride, 1992; Tiwari 
and Mishra, 2007; Mishra and Pandey, 2008. 
Compared to developed countries very little work has been done on the microfacies 
and diagenesis of Jurassic sediments of India. Thus, keeping in view the vast aerial 
extent and thick pile of Jurassic sediments in Kachchh, extensive studies on 
microfacies and diagenesis are required for accurate interpretation of depositional 
environment as well as tectonic and diagenetic history of the basin. 
Jhurio Dome (Figure 4) was chosen for the study because of its proximity from Bhuj, 
Headquarter of Kachchh and good exposure of Middle to Upper Jurassic rocks along 
various nala and river cutting. The lithostratigraphy of Jhurio Dome is given in Table 
- 2. The work done here, aims to emphasize the importance of microfacies, petrofacies 
and diagenetic studies to interpret the depositional environment, provenance and 
tectonic history of Kachchh basin as well as degree of compaction, cementation and 
depth of burial of the enclosed sediments. 
During fieldwork special attention was paid to measure well exposed 
lithostratigraphic section and to study the nature of sedimentary structures like cross-
bedding, ripple marks, laminations etc, samples of sandstone and limestone were 
processed and analyzed in the laboratory. 
Thin section of sandstone and limestone samples were prepared and used for the 
petrographic study. The textural attributes of the sandstones, such as size, roundness 
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and sphericity were studied with a view to interpreting the provenance and estimating 
the influence of texture on the detrital modes and petrofacies. Cumulative frequency 
curves were plotted and statistical parameters of grain size were computed according 
to the method of Folk (1980). Bivariant plots were plotted to find out interrelationship 
of various textural attributes. 
Detrital mineralogy of the sandstones, including light and heavy mineral fractions, 
was studied for the purpose of description and petrographic classification of the 
studied sandstones and interpretation of their provenance. Classification scheme of 
Folk (1980), based on composition of common detrital framework constituents and 
Dickinson (1985), based on tectonic setting of provenance were employed in the 
present study. The factors of climate and transport that infiuence the framework 
composition of sandstones were studied to evaluate their effects on the detrital modes 
of sandstones. 
Microfacies and lithofacies analysis of the limestones and sandstones respectively 
were carried out to interpret the depositional environment of the Jhurio Dome. An 
attempt was made to study the diagenetic history of the sediments. Thin sections were 
employed to study the types of grain contacts, porosity reduction and cement. The 
diagenetic aspects included compaction, porosity reduction, neomorphism, 
cementation, micritization. 
Table - 2: Lithostratigraphic framework of the Middle to Upper Jurassic and rocks of 
Jhurio Dome, Kachchh Mainland (Fursich et. al., 2001). 
Age 
Late Early Oxfordian 
Early Oxfordian 
Late Callovian 
Early Callovian 
Upper Bathonian 
Upper Bathonian-
Bajocian 
Chari Formation 
Patcham Formation 
Jhurio Formation 
Kachchh Mainland 
Dhosa Oolite Mb. 
Dhosa Sandstone Mb. 
Gypsiferous Shale Mb. 
Ridge Sandstone Mb. 
Shelly Shale Mb. 
Sponge Limestone Mb. 
Purple Sandstone Mb. 
Jumara Coral Lst. Mb. 
Goradongar Yellow Flagstone Mb 
Jhura Golden Oolite Mb. 
Badi Golden Oolite Mb. 
Badi White Lst. Mb. 
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CHAPTER - II 
LITHOSTRATIGRAPHY 
Lithostratigraphy 
The exposure of Jhurio Dome is surrounded by recent Alluvium (PLATE - I, Photo 
1). Stratigraphic succession measured along different Nala and River cuttings within 
the Jhurio Dome reveal a maximum thickness of 87 meters. The following paragraphs 
give the details of the sections measured at different localities within Jhurio Dome 
from east to west. 
Kaila River Section 
Lithostratigraphic section measured at Kaila River is 35.5 meter thick (Figure 5) and 
is composed of Limestone, Sandstone, Marl, Shale and Conglomerate. The section 
has the following sequence: 
1 m (Top) - Hard, compact, coarse to medium grained, thick bedded (30cm to 
80cm), fossiliferous, yellowish-brown ferruginous oolitic limestone 
(PLATE - I, Photo 2). Bedding planes are irregular. Fragments of quartz, 
jasper, older limestone etc., acted as nucleus. Polygenetic elements such 
as bored pebbles, crinoid debris, polymict pebbles, red iron crust and 
ferruginous oncoids are common. Fragments are subangular to rounded. 
This unit usually lacks any distinct sedimentary structure and has large 
intraclasts which shows borings. The unit also contains fine grains 
sediments with abundant shell debris. The motif can be compared to the 
hardground development described by Fursisch (1971). Many surface 
show dissolution effect and crust development. 
3 m - Yellow to brown, hard, compact, medium to fine grained, thick bedded 
(10cm to 30cm) iron oolitic sandstone. Small scale planar and trough 
cross-beds are present. Bedding planes are wavy and straight. 
1 m - Yellowish to greenish, soft, fine grained gypsiferous shale (PLATE - I, 
Photo 3). 
Age Formation S No Litholog Description Thickness 
Early to 
Mid Oxfordian 
Mid 
Oxfordian 
to 
Callovian 
Upper 
Bathonian 
Upper 
Bathonion 
to 
Bajocian 
KR50' 
KR45 ' 
Dhosa Oolite 
Dhosa Oolite Sandstone 
Chan 
Fornnation 
Gypsiferous Shale 
KR40« 
Patcham 
Formation 
KR35 
KR30 
KR25 
35 5 M 
34 5 M 
31 5 M 
30 5 M 
Athleta Sandstone 
Ridge Sandstone 
Sponge Limestone with 
marl intercalations 
O. O - O . Q . O . Q . Q . O . O 
26 M 
24 M 
22 M 
Jhuno 
Formation 
KR20 
KR15 
KR10 
KRS 
K R 1 
I — I — I — I — I — I 
S FSCS F M C 
M W P G R 
Purple Sandstone 
with shale intercalations 
and conglomeratic at top 
Jumara Coral Limestone 
Goradongar Yellow Flagstone with 
sand and marl intercalations 
Jhura Golden Oolite 
5 5 M 
4M 
3M 
OM 
Not Exposed 
Figure 5: Lithostratigraphic section measured at Kaila River cutting 
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PLATE - I 
Photo 1. Field photograph showing exposure at Jhurio Dome. 
Photo 2. Field photograph showing fossiliferous oolitic 
limestone. 
Photo 3. Field photograph showing gypsiferous shale. 
Photo 4. Field photograph showing tabular cross bedding. 
Photo 5. Field photograph showing trough cross bedding. 
Photo 6. Field photograph showing thin lamination with mud-
drapes. 
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4.5 m - White to cream, medium to fine grained, thin to thicic bedded (2cm to 
30 cm) soft, friable sandstone. Large scale tabular and trough cross-
bedding (PLATE - I, Photo 4 & 5), herringbone and laminations 
(PLATE - I, Photo 6) are present. Bedding plane are straight to 
undulating shows sharp boundary to the overlying fine grained sediment. 
2 m - Yellow to brown, fine to coarse grained, soft to hard, friable to 
compact, thick bedded (20cm to 40cm) sandstone which shows 
successive coarsening upward cycles. Bedding planes are wavy to 
straight. Large scale planar and trough cross-beds are present. 
Laminations are also seen at some places. Trace fossils are common 
(PLATE - II, Photo 1). Has sharp contact with overlying unit. 
2 m - Whitish coloured, fine to medium grained, soft, micritic limestone 
which is somewhat argillaceous with marl intercalations. Limestone 
includes abundant tempestites with occasional demosponges. Lower part 
is thinly bedded (1cm to 4cm) as compared to the upper part (~ 30cm). 
16.5 m - Purple colored, fine to coarse grained, soft to hard, friable to compact, 
thick to thin bedded (8cm to 2m) sandstone (PLATE - II, Photo 2). 
Bedding plane is straight to undulating. Planar and trough cross-bedding, 
lamination are present. Some beds are devoid of any structure and are 
massive. Friable purple coloured shale towards top which is fossiliferous 
and shows bioturbation. The top of this unit is conglomeratic which is 
purple to pink, soft, friable, thin bedded para-conglomerate containing 
pebbles of quartz, jasper, older limestone fragments etc. Pebbles are 
subrounded to rounded and are oriented parallel to bedding plane and 
their number decreases upwards. Minimum clast size is 0.3 mm and 
maximum is 2 cm. 
1.5 m - Fine grained, hard to compact, thinly bedded, yellowish to white 
coloured limestone. 
1 m - Cream to yellow coloured, soft, medium to fine grained, thin but well 
bedded argillaceous limestone with marl and sand intercalations. Has 
sharp contact with overlying unit. 
13 
PLATE - II 
Photo 1. Field photograph showing trace fossil. 
Photo 2. Field photograph showing alternate beds of purple 
sandstone. 
Photo 3. Field photograph showing ripple marks. 
Photo 4. Field photograph showing herringbone cross bedding. 
Photo 5. Field photograph showing hard, compact green 
limestone. 
Photo 6. Field photograph showing mudcracks. 
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3 m - Well bedded, iron oolitic, bioclastic grainstone which is golden-yellow 
to pink in colour, soft to hard, thin to thick bedded. Iron coated shell 
fragments (ostracod, brachiopod, cephalopod, belemnite, gastropod etc.) 
are present. Towards the top at places thin layers of conglomeratic 
(shell) beds occur. Older limestone, jasper and vein quartz act as 
nucleus. Both superficial and true ooids are present which are well 
rounded to angular in shape. 
Sonwa Nala Section 
Lithostratigraphic section measured at Sonwa Nala is 65 meter thick (Figure 6) and is 
composed of Limestone, Sandstone, Marl, Conglomerate and Shale. The section has 
the following sequence: 
4 m (Top) - Hard, compact, coarse to medium grained, thick bedded (50cm to Im), 
fossiliferous oolitic limestone. Bedding planes are irregular. Polygenetic 
elements such as bored pebbles, crinoid debris, polymict pebbles, red 
iron crust and ferruginous oncoids are common. Fragments are 
subangular to rounded. This unit usually lacks any distinct sedimentary 
structure and has large intraclasts which shows borings. The unit also 
contains fine grains sediments with abundant shell debris. The motif can 
be compared to the hardground development described by Fursisch 
(1971). Many surface show dissolution effect and crust development. 
8 m - Yellowish-brown, fine to medium grained, thick bedded (50cm to 2m) 
showing undulating, wavy bedding planes, hard to compact iron oolitic 
sandstone. Medium to small scale planar and trough cross-beds are 
present. Ripple marks are also seen to occur at some places (PLATE - II, 
Photo 3). 
5 m - Monotonous, yellowish to greenish, soft, friable, fine grained pyritic 
shale with white calcareous reniform concretion. 
6 m - White, alternating fine to medium grained, thick bedded (30 cm to 
80cm) sandstone. Medium to large scale tabular and trough cross-
bedding are present. Herringbone (PLATE - II, Photo 4) and laminations 
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Age Formation S No Litholog Description Thickness 
Early 
to 
Mid Oxfordian 
SN70 • 
Dhosa Oolite 
65 M 
61 M 
Dhosa Oolite Sandstone 
Mid 
Oxfordian 
to 
Callovian 
Chari 
Formation 
Upper 
Bathonian 
Upper 
Bathonion 
to 
Bajocian 
SN65 • 
SN60 
Patcham 
Formation 
Gypsiferous Shale 
SN45 
Athleta Sandstone 
53 M 
48 M 
42 M 
Ridge Sandstone 
0:0-O-O-
Sponge Limestone with 
alternate bands of 
shale and grainstone 
Purple Sandstone 
which IS conglomeratic 
at top 
Jumara Coral Limestone 
with alternating with marl & 
fine grained sandstone 
SN30 
Jhuno 
Formation 
SN15 
SN10 • 
Goradongar Yellow Flagstone 
with shale & sand intercalations 
Jhura Golden Oolite 
Badi Lower Golden Oolite 
Badi White Limestone 
I I I I I I 
S FSCS F M C 
M W P G R 
36 M 
32 M 
26 M 
22 M 
18 M 
12 M 
6M 
OM 
Not Exposed 
Figure 6: Lithostratigraphic section measured at Sonwa Nala cutting 
are also seen. Bedding plane are straight to undulating, shows sharp 
boundary to the overlying fine grained sediment. 
6 m - Cream to yellowish, soft to hard, fi"iable to compact, thick bedded 
(20cm to Im) sandstone which shows three successive coarsening 
upward cycles. Bedding planes are straight to wavy. Large to small scale 
planar cross-beds, and laminations are present. Trace fossils and vertical 
burrows (cylindrical) are common. Has sharp contact with overlying 
unit. 
4 m - Thin bedded, whitish to yellowish, fine to medium grained, soft to 
hard, micritic limestone alternating with green coloured, fine grained, 
soft fi'iable shale and sandstone. Limestone includes abundant 
tempestites with occasional demosponges. Numerous thin intercalations 
of laminated grainstone are topped by several flaggy (20cm to 40cm 
thick) grainstone beds that are partly laminated, in part hummocky cross 
bedded. Lower part is thinly bedded (3cm to 6cm) as compared to the 
upper part (~ 40cm). 
6 m - Purple to grey coloured, soft to hard, thin to thick bedded (2cm to 
25cm), fine to coarse grained sandstone with lamination, planar and 
trough cross-bedding. Wavy to straight contact between bedding. Upper 
part is fossiliferous. The top of the unit is conglomeratic having purple to 
pink, soft to hard, thin to thick bedded para-conglomerate containing 
pebbles of quartz, jasper, older limestone fragments etc. Pebbles are 
subrounded to rounded and are oriented parallel to bedding plane and 
their number decreases upwards. Minimum clast size is 0.3 mm and 
maximum is 2 cm. 
4 m - Cream to yellow coloured, soft, medium to fine grained, thin bedded 
limestone - marl alteration. At places shows lamination and has sharp 
contact with overlying unit. 
4 m - Yellow coloured, soft, medium to fine grained, thin bedded (~ 2cm), 
argillaceous limestone with shale at base. Towards top it has 
15 
intercalations of very fine grained sandstone. At places shows lamination 
and has sharp contact with overlying unit. 
7 m - Yellowish to cream coloured, golden oolitic grainstone which is hard 
and compact, coarse grained, and thick bedded (40cm to Im) having 
straight to wavy bedding plane. Contains both iron oolites and 
ferruginized bioclasts. Older limestone, jasper and vein quartz act as 
nucleus. Both superficial and true ooids are present which are well 
rounded to angular in shape. Shells of ostracod, brachiopod, cephalopod, 
belemnite, gastropod etc. are abundant towards the top of the unit. 
5 m - Yellowish to brown in colour, soft, thick bedded, iron oolitic, bioclastic 
grain to rudstone. Towards top becomes more massive and cross bedded, 
terminates with a mega-ripple surface. Iron coated shell fragments are 
common. In places the rudstone is micro-conglomeratic in nature. 
6 m - Cream to white coloured, hard, compact, thinly bedded, fine grained 
limestone unit which is poorlv exposed. To a larger extent it consists of 
silty wacke and packstone with intercalations of iron oolitic grainstone. 
Badi Nala Section 
Lithostratigraphic section measured at Badi Nala is 87 meter thick (Figure 7) and is 
composed of Limestone, Sandstone, Marl, Shale and Conglomerate. The section has 
the following sequence: 
5 m (Top) - Hard, compact, coarse to medium grained, thick bedded (50cm to Im), 
fossiliferous oolitic limestone. Bedding planes are irregular. Polygenetic 
elements such as bored pebbles, crinoid debris, polymict pebbles, red 
iron crust and ferruginous oncoids are common. Fragments are 
subangular to rounded. This unit usually lacks any distinct sedimentary 
structure and has large intraclasts which shows borings. The unit also 
contains fine grains sediments with abundant shell debris. The motif can 
be compared to the hardground development described by Fursich 
(1971). Many surface show dissolution effect and crust development. 
11m - Yellowish-brown, fine to medium grained, thick bedded (50cm to 2m) 
showing undulating, wavy bedding planes, hard to compact iron oolitic 
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Age Formation S. No Litholog Description Thickness 
Early 
to 
Mid Oxfordian 
Dhosa Oolite 
BN75-
BN70' Dhosa Oolite Sandstone 
Mid 
Oxfordian 
to 
Callovian 
Chan 
Formation 
Gypsiferous Shale 
BN65 • 
Upper 
Bathonian 
Patcham 
Formation 
Upper 
Bathonion 
to 
Bajocian 
Jhurio 
Formation 
BN60 < 
Athleta Sandstone 
Ridge Sandstone 
BN40-
BN10-
Sponge Limestone with 
alternate bands of marl, 
shale and grainstone 
O Q Q t ^ Q O C i Q Q 
Purple Sandstone 
with conglomerate 
at top. 
Jumara Coral Limestone 
87 M 
82 M 
71 M 
69 M 
57 M 
49 M 
38 M 
Goradongar Yellow Flagstone 
with intercalations of marl & sand 
Jhura Golden Oolite 
27 M 
23 M 
20 M 
14 M 
Badi Lower Golden Oolite 
7 Badi White Limestone 
I—I—PT—r—I 
S FSCS F M C 
M W P G R 
3M 
OM 
Not Exposed 
Figure 7: Lithostratigraphic Section measured at Badi Nala cutting 
sandstone. Medium to small scale planar and trough cross-beds are 
present. Ripple marks are also seen to occur at some places. 
2 m - Monotonous, yellowish to greenish, soft, fine grained pyritic shale with 
white calcareous reniform concretion. 
12 m - White, alternating fine to medium grained, thick bedded (30 cm to 
80cm) sandstone. Medium to large scale tabular and trough cross-
bedding are present. Herringbone and laminations are also seen. Bedding 
plane are straight to undulating, shows sharp boundary to the overlying 
fine grained sediment. 
8 m - Cream to yellowish, soft to hard, fi-iable to compact, thick bedded 
(20cm to 1.5m) sandstone which shows three successive coarsening 
upward cycles. Bedding planes are straight to wavy. Large to small scale 
planar cross-beds and laminations are present. Trace fossils and vertical 
burrows (cylindrical) are common. Has sharp contact with overlying 
unit. 
11m - Well bedded, whitish to yellowish, fine to medium grained, soft to 
hard, micritic limestone alternating with green coloured, fine grained, 
soft friable shale, sand and marl. Limestone includes abundant 
tempestites with occasional demosponges. Numerous thin intercalations 
of laminated grainstone are topped by several flaggy (20cm to 40cm 
thick) grainstone beds that are partly laminated. Lower part is thinly 
bedded (3cm to 6cm) as compared to the upper part (~ 40cm). 
11m - Purple colored, fine to coarse grained, soft to hard, thick to thin bedded 
(2cm to 1.5m) sandstone with lamination, planar and trough cross-
bedding having wavy to straight contact between bedding. Upper part is 
fossiliferous. Top of the unit is conglomeratic which is purple to pink, 
soft to hard, thin to thick bedded para-conglomerate containing pebbles 
of quartz, jasper, older limestone fragments etc (PLATE - II, Photo 5). 
Pebbles are subrounded to rounded and are oriented parallel to bedding 
plane and their number decreases upwards. Minimum clast size is 0.3 
mm and maximum is 2 cm. 
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4 m - Hard, compact, thinly bedded, fine grained, yellowish limestone. 
3 m - Cream to yellow coloured, soft, medium to fine grained, thin bedded 
limestone, marl and sand alteration. At places shows lamination and has 
sharp contact with overlying unit. 
6 m - Golden-yellow coloured oolitic grainstone which is hard, thin to thick 
(1cm to 40cm) bedded having straight to wavy bedding plane. Contains 
both iron oolites and ferruginized bioclasts. The lower portion is coarser 
than the upper part and is brownish in colour. Older limestone, jasper 
and vein quartz act as nucleus. Both superficial and true ooids are 
present which are well rounded to angular in shape. Shells of ostrocod, 
brachiopod, cephalopod, belemnite, gastropod etc. are abundant towards 
the top of the unit. 
11 m - Yellowish in colour, soft to hard, thick bedded, rubbly, iron oolitic, 
bioclastic grain to rudstone. Towards top becomes more massive and 
cross bedded, terminates with a mega-ripple surface. Iron coated shell 
fragments are common. In places the rudstone is micro-conglomeratic in 
nature. 
3 m - Cream to white coloured, hard, compact, thinly bedded, fine grained 
limestone unit which is poorly exposed. To a larger extent it consists of 
silty wacke and packstone with intercalations of iron oolitic grainstone. 
Bhurud River Section 
Lithostratigraphic section measured at Bhurud River is 41 meter thick (Figure 8) and 
is composed of Limestone, Sandstone, Shale, Marl and Conglomerate. The section 
has the following sequence: 
3 m (Top) - Hard, compact, coarse to medium grained, thick bedded (20cm to Im), 
fossiliferous oolitic limestone. Bedding planes are irregular. Polygenetic 
elements such as bored pebbles, crinoid debris, polymict pebbles, red 
iron crust and ferruginous oncoids are common. Fragments are 
subangular to rounded. This unit usually lacks any distinct sedimentary 
structure and has large intraclasts which shows borings. The unit also 
contains fine grains sediments with abundant shell debris. The motif can 
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Age Formation S. No. Litholog Description Thickness 
Early 
to 
Mid Oxfordlan 
Mid 
Oxfordian 
to 
Callovian 
Upper 
Bathonian 
Upper 
Bathonion 
to 
Bajocian 
BR5S-
BRSO-
Chari 
Formation 
Dhosa Oolite 
Dhosa Oolite Sandstone 
Gypsiferous Shale 
with bands of marl 
B R 4 5 -
Patcham 
Formation 
BR 40 ' 
BR 35 ' 
Jhurlo 
Formation 
BR 30 ' 
3R25 
BR 20 
BR 15 ' 
BR 10 ' 
BR 5 ' 
BR1 ' 
Ridge Sandstone 
Sponge Limestone with 
alternate bands of marl, 
shale and grainstone 
Purple Sandstone 
With conglomerate 
at top 
1—7 
^rr~f 
u: 
i 0 i 0 I 
I—I I I I—I 
S FSCS F M C 
M W P G R 
Jumara Coral Limestone 
Goradongar Yellow Flagstone 
with shale & sand intercalations 
Jhura Golden Oolite 
Not Exposed 
41 M 
38 M 
36M 
33 M 
29 M 
26 M 
185M 
105M 
9M 
OM 
Figure 8; Lithostratigraphic section measured at Bhurud River cutting 
be compared to the hardground development described by Fursich 
(1971). Many surface show dissolution effect and crust development. 
2 m - Yellowish-brown, fine to medium grained, thick bedded (40cm to Im) 
showing undulating, wavy bedding planes, hard to compact iron oolitic 
sandstone. Planar and trough cross-beds are present. 
3 m - Yellowish, soft, friable, fine grained gypsiferous shale with bands of 
dark grey, soft, fine grained marl. 
4 m - Cream to yellowish, soft to hard, friable to compact, thick bedded 
sandstone which shows three successive coarsening upward cycles. 
Bedding planes are straight to undulating. Large to small scale planar 
cross-beds and laminations are present. Trace fossils and vertical 
burrows are common. Has sharp contact with overlying unit. 
3 m - Well bedded, whitish to yellowish, fine to medium grained, soft to 
hard, micritic limestone alternating with green coloured, fine grained, 
soft friable shale, sand and grey coloured marl. Limestone includes 
abundant tempestites with occasional demosponges. Thin intercalations 
of laminated grainstone are topped by flaggy grainstone beds that are 
partly laminated, in part hummocky cross bedded. 
7.5 m - Purple to grey coloured, fine to coarse grained, soft to hard, thick to 
thin bedded (2cm to 2m) sandstone with planar and trough cross-
bedding. At places the sandstone is compact and massive. Top of the unit 
is conglomeratic which is purple coloured, soft, coarse grained 
conglomerate containing pebbles of quartz, jasper, older limestone 
fragments etc. Pebbles are subrounded to rounded. 
8 m - Grey to greenish coloured, hard, compact, fine to medium grained, 
thickly bedded (15cm to Im) limestone with somewhat straight bedding 
planes. 
1.5 m - Cream to yellow coloured, soft to hard, medium grained, thin but well 
bedded, argillaceous limestone with sand and shale intercalations. Mud 
cracks are present (PLATE - II, Photo 6). At places shows lamination 
and has sharp contact with overlying unit. 
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9 m - Golden-yellow coloured oolitic grainstone which is hard, thin to thick 
(40cni - 1.5m) bedded having straight to wavy bedding plane. Contains 
both iron oolites and ferruginized bioclasts. Older limestone, jasper and 
vein quartz act as nucleus. Both superficial and true ooids are present 
which are well rounded to angular in shape. Shells of ostracod, 
brachiopod, cephalopod, belemnite, gastropod etc. are abundant towards 
the top of the unit. 
20 
m 
- 3 
SANDSTONE TEXTURE 
m 
CHAPTER-III 
SANDSTONE TEXTURE 
The textural study of grain-size, roundness, sphericity, surface features and overall 
fabric allows unequivocal identification of transporting agents and depositional 
setting. A large number of early workers have made contributions to grain size studies 
including Udden (1898, 1914), Wentworth (1922, 1929), Trask (1932), Krumbein and 
Pettijohn (1938) and Otto (1939), etc. Doeglas (1946) has demonstrated that grain size 
distributions are mixture of two or more populations produced by varying transport 
conditions. He developed an empirical classification of curves to identify specific 
sedimentary environments. 
Folk and Ward (1957), Mason and Folk (1958), Friedman (1961, 1962) carried out 
detailed study of sedimentary textures. They employed bivarient analysis involving 
the use of size parameters in various combinations as environment indicators. Duane 
(1964) studied the environment of deposition using various statistical parameters of 
sediment distribution and their relationship with hydrodynamic conditions. 
Smalley (1966) studied the dependence of size distribution of quartz grains upon the 
size of quartz grains in the source rock. Friedman (1967) pioneered the use of two 
component (bivarient) diagrams that plot one statistical parameter against another for 
recognition of sandstone types. Visher (1969) and his co-workers demonstrated that 
each cumulative curve comprises a number of straight line segments of different 
slopes which represent truncated log-Gaussian sub-populations. 
The sandstones of Jhurio Dome were studied for their textural attributes to interpret 
their provenance, environment of deposition, diagenesis and estimating the influence 
of texture on detrital modes and petrofacies. Their interrelationships were studied 
using bivariant plots. 
METHODS OF STUDY AND DATA PRESENTATION 
Thin sections were used in this study for grain size analysis and estimation of 
roundness as well as sphericity. Thin sections showing least modification of textures 
by diagenesis and compaction effects were selected for this study. The screening 
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constraints restricted the textural study to 80 samples of sandstones out of total 170 
sandstone samples collected from the study area during number of field visits. 
Grain size measurement was carried out using Chayes point-counting technique 
(1949). On an average, 150 to 200 grains were counted from each thin section. The 
present study employed Phi-scale which was introduced by Krumbein (1934). The 
size data was grouped into half Phi-scale intervals. The statistical parameters of grain 
size distribution were derived with the help of cumulative frequency curve plots. 
Cumulative frequency curves of grain size data were plotted on log probability paper. 
The grain diameter in Phi units represented by <D5, <D16, <D25, O50, 075, 084 and 
095 percentiles were read from the size frequency curves. Point counting was carried 
out using the Gazzi-Dickinson method (Dickinson, 1970; Ingersoll et. al., 1984). 
STATISTICAL PARAMETERS 
Various statistical parameters of grain size distribution like Graphic Mean (Mz), 
Inclusive Graphic Standard Deviation (ai). Inclusive Graphic Skewness (Sk,) and 
Graphic Kurtosis (KQ) were computed using Folk's formula (1980). 
Graphic Mean (Mz): It is a function of the size range of available sediments and the 
amount of energy imported to the sediments which depends on current velocity or 
turbulence of the transporting medium. It has been calculated with the help of Folk's 
formula: 
Mz = (016+ 050 + 0 84)/3 
Inclusive Graphic Standard Deviation (oj): It depends upon competency and 
stability of the current. Relatively constant strength currents produce very well sorted 
to well sorted sediments but fluctuating currents will give rise to poorly sorted 
sediments. This parameter is derived by the formula: 
a, = (O 84 - O 16)] / 4 + [(O 95 - O 5) / 6.6 
Inclusive Graphic Skewness (Sw): It measures the degree of asymmetry of the 
frequency distribution and is determined by the relative importance of the tails of the 
distribution. The skewness or asymmetry is also determined by the position of the 
mean with respect to median. Several formulae for computing skewness have been 
proposed. The most comprehensive formula is given below: 
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Ski = (<D16 + <&84- 2<D50) / 2(084 - 016)} + {(05 + 095 - 2O50) / 2(095 - 05) 
Graphic Kurtosis (KG): Graphic kurtosis reflects the peakedness of the distribution 
and measures the ratio between sorting in the central portion. If the central portion is 
better sorted than the tails, the curve is said to be excessively peaked or leptokurtic. 
When tails are better sorted than the central portion, the curve is flat peaked and 
platykurtic. The graphic kurtosis is calculated with the help of the following formula: 
KG = (095 - O 5) / 2.44 (075 - O 25) 
Skewness and kurtosis were referred to as indicators of selective action of 
transporting agents by Krumbein and Pettijohn (1938). Folk and Ward (1957) 
suggested that sands deposited near the source are characteristically leptokurtic and 
positive-skewed. Mason and Folk (1958) made comparative textural studies of recent 
beach sands, dune and aeolian flat environments. These studies indicate that beach 
sands are normal or negative-skewed and leptokurtic, dune sands have positive 
skewness and are mesokurtic, and 'aeolian flat' sands are positively skewed and 
leptokurtic. Duane (1964) studied Recent sediments in Western Pamlico Sound, North 
Carolina and found that: i) the sign of skewness can be related to environmental 
energy and therefore to environment. Where winnowing is a dominant force (high 
energy), as in tidal inlets, the littoral zone and beaches, most of barrier Islands, the 
sediments are very dominantly negative skewed, ii) the area characterized by no 
particular dominance of either positive or negative skewness are regions where 
winnowing may be effective one day but not the next, and iii) areas where energy 
levels are low, are characterized by positive skewness, as in sheltered lagoon and 
dunes. Friedman (1961) showed that beach sand generally has negative skewness but 
both, dune and river sands usually have positive skewness. 
Roundness: Roundness of grains is a function of transportation process on the debris 
furnished by the source area. It reflects abrasion history, which in turn depends on the 
diverse geologic controls such as relief, kind of source rock, distance and mechanism 
of transportation and mineralogy of the grains. Roundness was first quantitively 
measured by Wentworth (1922), who used the curvature of the sharpest corner. Later 
it was defined by Waddell (1932) as the average radius of curvature of all the comers 
divided by the radius of the largest inscribed circle. Both the above methods require 
measurement in three dimensions and thus are difficult and time consuming. Russel 
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and Taylor (1937) proposed five roundness classes but their class limit was not 
systematically chosen and the arithmetic means of the class intervals were used as 
mid points. Krumbein (1940) presented nine different roundness values which being 
very close together often makes it difficult to decide which roundness class to assign 
to a particle. Pettijohn (1975) modified the above scale by using a geometric scale. In 
this study, roundness scale given by Power (1953) has been employed, which has six 
class scales in such a way that the class limits closely approximates a V2 geometrical 
scale. Now roundness values are obtained by comparison with photographic charts for 
sand grains. 
Sphericity: It states quantitatively how nearly equal, the three dimensions of an 
object are. Wentworth (1922) made the first quantitative study of shapes. Later 
Wadell (1935) defined sphericity. Carver (1971) used another measure to determine 
sphericity. However, all these methods require measurements which are very difficult 
to imply on sand size grains. The most commonly used method of determining the 
sphericity is through visual comparison. For the present study the comparison chart 
given by Krumbein and Sloss (1963) was used for classification of sandstones. 
Bivariant plot of textural parameters: Bivariant plots are used to show the 
interrelationship of various textural attributes of the sandstones of Jhurio Dome. 
Different textural parameters of sandstones are plotted against each other and their 
relationship is determined statistically by computing their correlation coefficient 
values, which throw light on type of transportation, sediment character and 
depositional environment. Different plots which are used include mean size versus 
standard deviation, mean size versus skewness, mean size versus roundness, mean 
size versus sphericity, roundness versus sorting and sphericity versus sorting. 
DHOSA SANDSTONE MEMBER 
The graphic mean (Mz) of Dhosa Sandstone Member ranges from 1.750 to 3.220, 
average being 2.460, indicating overall medium grain sandstone. Most of the samples 
are medium grained followed by fine grained (Table - 3). Standard Deviation (aj) 
values range from 0.53O to 1.340, average being 0.9 lO, indicating overall 
moderately sorted sandstone. Most of the samples are moderately sorted followed by 
moderately well sorted and poorly sorted. Skewness (Sk,) value ranges from 0.49 to 
0.97, average being 0.85. The samples thus belong to strongly fine skewed class. The 
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Graphic Kurtosis (KG) values range from 0.71 to 1.49, average being 0.99. suggesting 
overall mesokurtic sandstone. Most of the samples are platykurtic followed by 
mesokurtic and leptokurtic. The sandstones have grain roundness ranging from very 
angular to well rounded. In most of the samples, majority of the grains are subangular 
(average 33.22%), angular (average 31.11%) and subrounded (average 21.51%). The 
mean roundness of the individual samples range from 0.29 to 0.31, average being 0.30 
(Table - 4). Majority of the studied grains show low sphericity occupying 70.47% 
followed by medium sphericty occupying 18.06% while rest of the 11.47% is of high 
sphericity (Table - 5). The mean sphericity values of the individual samples range 
from 0.22 to 0.38, average being 0.31. Texturally, the studied sandstones are sub-
mature having subangular to subrounded grains (Table - 6). 
The mean size of sandstone samples of Dhosa Sandstone Member are plotted against 
their sorting values and their correlation coefficient value is computed as -0.642 
(Figure - 9). The mean size versus skewness plot gives a correlation coefficient value 
of-0.029. The mean size versus roundness plot gives a correlation coefficient value of 
-0.779. The mean size versus sphericity diagram has a correlation coefficient value of 
-0.210. Plot of the roundness versus sorting gives a correlation coefficient value of 
0.493. The plot of sphericity versus sorting has a correlation coefficient of 0.105. 
ATHLETA SANDSTONE MEMBER 
The graphic mean (Mz) of Athleta Sandstone Member ranges from 1.750 to 3A20, 
average being 2.520, indicating overall medium grain sandstone. Most of the samples 
are medium grained followed by fine grained. (Table - 3). Standard Deviation (ai) 
values range from 0.510 to 1.430, average being 0.90O, indicating overall 
moderately sorted sandstone. Most of the samples are moderately sorted followed by 
moderately well sorted and poorly sorted. Skewness (SK,) value ranges from 0.45 to 
0.98, average being 0.83. The samples thus belong to strongly fine skewed class. The 
Graphic Kurtosis (KG) values range from 0.68 to 1.45, average being 1.00, suggesting 
overall mesokurtic sandstone. Most of the samples are platykurtic and mesokurtic 
followed by leptokurtic. The sandstones have grain roundness ranging from very 
angular to well rounded. In most of the samples, majority of the grains are subrounded 
(average 30.95%)), rounded (average 22.80%)) and subangular (average 22.04%). The 
mean roundness of the individual samples range from 0.41 to 0.45, average being 0.44 
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(Table - 4). Majority of the studied grains show low sphericity occupying 67.38% 
followed by medium sphericty occupying 20.35% while rest of the 12.27% is of high 
sphericity (Table - 5). The mean sphericity values of the individual samples range 
from 0.29 to 0.40, average being 0.34. Texturally, the studied sandstones are sub-
mature having a majority of subrounded grains (Table - 6). 
The mean size of sandstone samples of Athleta Sandstone Member are plotted against 
their sorting values and their correlation coefficient value is computed as -0.617 
(Figure -10). The mean size versus skewness plot gives a correlation coefficient value 
of -0.361. The mean size versus roundness plot shows has a correlation coefficient 
value of -0.313. The mean size versus sphericity diagram gives a correlation 
coefficient value of-0.363. Plot of the roundness versus sorting gives a correlation 
coefficient value of 0.105. The plot of sphericity versus sorting has a correlation 
coefficient of 0.140. 
RIDGE SANDSTONE MEMBER 
The graphic mean (Mz) of Ridge Sandstone Member ranges from 0.98O to 3.09O, 
average being 2.28<I), indicating overall medium grain sandstone. Most of the samples 
are medium grained followed by fine and coarse grained (Table - 3). Standard 
Deviation (oi) values range from 0.56O to 1.540, average being 0.92O, indicating 
overall moderately sorted sandstone. Most of the samples are moderately sorted 
followed by poorly sorted and moderately well sorted. Skewness (Sk,) value ranges 
from 0.39 to 0.99, average being 0.82. The samples thus belong to strongly fine 
skewed class. The Graphic Kurtosis (KG) values range from 0.72 to 1.43, average 
being 1.00, suggesting overall mesokurtic sandstone. Most of the samples are 
platykurtic followed by mesokurtic and leptokurtic. The sandstones have grain 
roundness ranging from very angular to well rounded. In most of the samples, 
majority of the grains are subrounded (average 31.00%), rounded (average 23.65%) 
and subangular (average 21.31%). The mean roundness of the individual samples 
range from 0.42 to 0.47, average being 0.44 (Table - 4). Majority of the studied grains 
show low sphericity occupying 67.95% followed by medium sphericty occupying 
20.50% while rest of the 11.55% is of high sphericity (Table - 5). The mean sphericity 
values of the individual samples range from 0.22 to 0.39, average being 0.33. 
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Texturally, the studied sandstones are sub-mature having majority of subrounded 
grains (Table - 6). 
The mean size of sandstone samples of Ridge Sandstone Member are plotted against 
their sorting values and their correlation coefficient value is computed as -0.604 
(Figure - 11). The mean size versus skewness plot gives a correlation coefficient value 
of 0.324. The mean size versus roundness plot shows has a correlation coefficient 
value of -0.253. The mean size versus sphericity diagram gives a correlation 
coefficient value of-0.325. Plot of the roundness versus sorting gives a correlation 
coefficient value of 0.278. The plot of sphericity versus sorting has a correlation 
coefficient of 0.246. 
PURPLE SANDSTONE MEMBER 
The graphic mean (Mz) of Purple Sandstone Member ranges from 0.81O to 3.1 lO, 
average being 2.2 lO, indicating overall medium grain sandstone. Most of the samples 
are medium grained followed by fine and coarse grained (Table - 3). Standard 
Deviation (aO values range from 0.55O to 1.310, average being 0.92O, indicating 
overall moderately sorted sandstone. Most of the samples are poorly sorted followed 
by moderately sorted and moderately well sorted. Skewness (Sk,) value ranges from 
0.11 to 0.97, average being 0.66. Majority of the samples are strongly fine skewed 
followed by fine skewed. The Graphic Kurtosis (KG) values range from 0.70 to 1.36, 
average being 0.89, suggesting overall platykurtic sandstone. Most of the samples are 
platykurtic followed by mesokurtic. The sandstones have grain roundness ranging 
from very angular to well rounded. In most of the samples, majority of the grains are 
subrounded (average 43.56%), subangular (average 24.09%) and rounded (average 
16.67%). The mean roundness of the individual samples range from 0.37 to 0.50, 
average being 0.43 (Table - 4). Majority of the studied grains show low sphericity 
occupying 62.45% followed by medium sphericty occupying 25.73% while rest of the 
11.82% is of high sphericity (Table - 5). The mean sphericity values of the individual 
samples range from 0.29 to 0.43, average being 0.36. Texturally, the studied 
sandstones are sub-mature having rounded to subangular grains (Table - 6). 
The mean size of sandstone samples of Purple Sandstone Member are plotted against 
their sorting values and their correlation coefficient value is computed as -0.615 
(Figure - 12). The mean size versus skewness plot gives a correlation coefficient value 
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of -0.044. The mean size versus roundness plot shows has a correlation coefficient 
value of -0.253. The mean size versus sphericity diagram gives a correlation 
coefficient value of-0.473. Plot of the roundness versus sorting gives a correlation 
coefficient value of 0.278. The plot of sphericity versus sorting has a correlation 
coefficient of 0.425. 
INTERPRETATION OF TEXTURAL ANALYSIS 
The characteristics of size statistics revealed by mean size indicate fluctuations in the 
depositing media with fine grained sands deposited in low energy environment. The 
poor to moderately well sorted is indicative of dumping of sands during little sorting 
in the fluvial regime. The positive skewness character of the sands indicates 
deposition in low to moderate energy condition. Most of the kurtosis values are 
platykurtic to mesokurtic indicating that central portion was better sorted than the tails 
of the curves. Large populations of angular, subangular and subrounded grains 
indicate short transportation of sediments. However, these features may remain so 
even after long distance of transport (Pettijohn, 1975). Overall texture of the 
sandstone can be considered as sub-mature. Bivarient plots of various parameters 
indicate that, mean size versus sorting has moderate inverse relationship indicating 
decrease in grain size with increased sorting, which reflects fluctuating hydrodynamic 
condition during deposition. Mean size versus skewness has poor inverse relationship 
(except for Ridge Sandstone Member, which shows a very poor positive relationship) 
and the samples are strongly fine skewed to fine skewed, in narrow range of mean 
size indicating fluctuation in energy condition of depositional medium. Mean size 
versus roundness has moderate inverse relationship, indicating increase in roundness 
with decreasing grain size. Mean size versus sphericity has poor negative relationship, 
giving hint of a decrease in sphericity with increase in grain size. Roundness versus 
sorting has moderate positive relationship giving indication of increase in roundness 
with sorting and sphericity versus sorting has poor positive relationship giving hint of 
an increase in sphericity. Absence of clay from the samples of Purple Sandstone 
Member suggests that it was deposited under high energy environment. 
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Figure 9. Bivariant plot of (a) Mean-size versus Standard Deviation (b) Mean-size 
versus Skewness (c) Mean-size versus Mean Roundness (d) Mean Roundness versus 
Sorting (e) Mean-size versus Mean Sphericity (f) Mean Sphericity versus Sorting of 
Dhosa Sandstone Member, Kachchh Basin. 
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Figure 10. Bivariant plot of (a) Mean-size versus Standard Deviation (b) Mean-size 
versus Skewness (c) Mean-size versus Mean Roundness (d) Mean Roundness versus 
Sorting (e) Mean-size versus Mean Sphericity (f) Mean Sphericity versus Sorting of 
Athleta Sandstone Member, Kachchh Basin. 
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CHAPTER - IV 
FACIES ANALYSIS AND DEPOSITIONAL ENVIRONMENT 
INTRODUCTION 
The term "Facies" was first used by Gressly (1838). Facies is a general body of rock 
with specified characteristic, which can be handled at outcrops or from boreholes and 
thus defined on the basis of colour, bedding, composition, texture, fossil and 
sedimentary structures as well as tectonic setting of depositional basins (Reading, 
1986). Facies analysis is a prerequisite for basin analysis. Paleogeographic or 
environmental interpretation of facies depends heavily on recognition of facies 
associations. Each facies present an individual depositional event through time and 
space. Different facies association reflects different depositional environment settings. 
Facies analysis involves description and classification of a sedimentary unit followed 
by interpretation of depositional processes and environment setting (Lindholm, 1987). 
A facies model is an interpretive device, which is erected by the geologists to explain 
observed facies associations (Miall, 1990). Although certain aspects of a few facies 
exhibit specific environmental information, yet a better approach is to study the 
vertical and lateral facies relationship to infer the specific depositional environments. 
In the present study, the facies analysis is categorized into two parts i.e. Microfacies 
for the limestone units and Lithofacies for the sandstone units of the study area. These 
were later clubbed into one in order to construct a depositional model. Krumbein and 
Sloss (1963) coined the term 'lithofacies' and defined it as 'the expressions of 
variation in lithologic aspect'. The term 'Microfacies' was introduced by Brown 
(1943) with reference to the criteria appearing in thin section under the microscope. 
Earlier, workers raised various objections to the term microfacies. According to 
Calkins (1943) a 'microfacies' must be counter balanced with a 'megafacies'. 
Campbell (1944) suggested that instead of 'microfacies' it should be called simply 
'under the microscope'. Allings (1945) suggested that microfacies was difficult to 
define and proposed the term 'microlithology' instead of microfacies. Fairbridge 
(1954) made distinction between microlithofacies and microbiofacies but his concept 
gained little support. Cloud et. al., (1957) used the term microfacies to characterize 
minor or less important facies development within larger facies environment. 
Cuvillier and Schurmann (1952-1961) reintroduced the term microfacies to 
characterize paleontological and petrographical criteria in thin sections. Earlier 
workers have laid emphasis on paleontological criteria but now microfacies include 
both sedimentological and paleontological criteria. According to Fliigel (1972) 
'microfacies is the total of all the paleontological and sedimentological criteria which 
can be classified in thin section, peals and polished slabs'. The earliest thin section 
studies of carbonates aimed for genetic interpretation (Sorby, 1879) as well as for 
stratigraphic evaluation and ecological interpretation of fossils (Gumbel, 1873). 
Probably the oldest microfacies study originated from Peters (1863) when he 
published a paper entitled 'Uher Foraminiferen in Dachsteinkalk' dealing with 
paleoecological and paleogeographical questions. Hovelacque and Kilian (1900) 
published the first illustrated volume of thin section photographs. The practical 
application of limestone structure in thin section was demonstrated by Udden and 
Waite (1927). Microscopic studies of carbonate rocks were given substantial impetus 
by Sander (1936) who described the depositional fabric and by Pia (1933) who 
presented one of the first comprehensive general surveys of recent carbonates. 
Microfacies study coupled with sedimentological and paleontological objectives did 
not begin in earnest until 1960's. The rapid advances made in microfacies studies 
since then are a result of various factors such as: the exploration of oil and gas, 
creation of useful limestone classifications (Folk, 1959; Ham, 1962 etc.) and 
paleontological problems. At the moment an increasing number of papers is available 
in which the multitude of microfacies criteria are coupled and interpreted in the form 
of'facies model' (Wilson, 1975). Microfacies analysis is the most important of the 
various levels of observations possible in the broad field of carbonate petrography. 
The analysis helps in the interpretation of depositional environment through 
identification of different carbonate particles, which form and grow in different 
depositional and diagenetic environment. This interpretation becomes meaningful 
when petrography is combined with detailed stratigraphic control. Comparison is then 
made with depositional models constructed on the basis of the study of Holocene 
sediments. 
The present petrographic study of Jhurio Dome carbonates was carried out for 
microfacies analysis as well as their textural, compositional and diagenetic 
characteristics. 
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CARBONATE TEXTURAL CONSTITUENT 
The major textural constituents of carbonates can be divided into allochems 
(framework grains), sparry calcite and micrite (Folk, 1972). The allochems can be 
further divided into skeletal grains and non-skeletal grains. Skeletal grains consist of 
bioclasts whereas non-skeletal grains consist of ooids, pellets and intraclast. 
Atleast 50 - 250 point counts per thin section were counted for grain size 
measurement following the method given by Chayes (1954, 1956) and Van der Plas 
and Tobi (1965). The elasticity index and frequency was measured for different 
grains. Roundness and sphericity of the grains were estimated by visual comparison 
with standard images of known roundness and sphericity (Russell and Taylor, 1937; 
Krumbein, 1940; Powers, 1953). 
In the studied carbonates from Jhurio Dome, bioclasts, ooids, faecal pellets and 
peloids, intraclasts, sparry calcite and micrite are present in various proportions. 
Terrigenous admixture is present in most of the samples and averages about 7 
percent of the total grains. Dolomite also occurs in few samples. The carbonates are 
mostly fine to medium grained, however, few samples are also coarse grained. The 
carbonates are poorly to very well sorted having angular to well rounded grains of 
low to high sphericity. 
SKELETAL GRAINS 
Bioclasts are in abundance in the carbonates of the Jhurio Dome and occur 
throughout with exception of some terrigenous clastic beds and some carbonates. 
The bioclasts are preserved as whole fossil and sometimes as fragments. However, 
smaller fragments are difficult to identify especially the ones, which have lost the 
original wall microstructure. In bioclasts that have lost all traces of original wall 
microstructure, characteristic outlines of the shells are preserved by micrite envelopes 
and by internal and external sediment plus cement. The bioclasts comprise about 2 
to 38 percent in different thin-sections and averages 14 percent of the total grains 
within Jhurio Dome carbonates. The various types of bioclasts that have been 
identified include brachiopod, echinoderm, sponge, ostracods, gastropods, 
pelecypods, corals, bryozoans, foraminifera and algae. The description of which is as 
follows: 
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Brachiopod 
The brachiopods constitute about 1 to 11 percent and averages 2.1 percent and 
occur in almost all the carbonate members of Jhurio Dome. The size generally 
ranges from silt size to sand size and occasionally much larger fragments and whole 
fossils up to 10.5 mm occur. The bioclasts are mainly subangular to rounded and 
occasionally angular. They are characterized by fibrous walled microstructure with 
fibres aligned parallel and oblique to the wall surface. Some of the fragments 
represent transverse sections of spines showing concentric wall microstructure. 
The fragments generally show well-preserved wall microstructure but in some thin 
sections they show recrystallization, micritization and micro-borings. 
Echinoderm 
The echinoderms are present in most of the carbonate members of Jhurio Dome 
and constitute about 1 to 9 percent of the total rock volume and averages 2.2 
percent. The size of echinoderm ranges from silt size to a maximum of 4.5 mm. 
The bioclasts are mainly subrounded to rounded and occasionally subangular to 
angular. Randomly cut sections of stem plates and spines of crinoids, echinoids and 
other echinoderm fragments are observed in these carbonates. The bioclasts are 
porous and the pores are infilled with micrite and occasionally iron oxide. They 
show overgrowth, coatings and micritic envelopes. 
Sponge 
The sponges are found mainly in Sponge Limestone, Jumara Coral Limestone and 
Badi White Limestone Members of Jhurio Dome carbonates and constitute about 2 
to 27 percent and averages 2.5 percent of bioclasts. Most of the sponge spicules 
are monaxons and show characteristic central canal and spicule shape. They are 
embedded in clayey and micritic matrix and show replacement by drusy calcite. 
Some calcareous sponge is encrusted by blue-green algae while others show cavities 
preserved as voids and canals filled with micrite. 
Ostracods 
The ostracods are found in Dhosa Oolite, Sponge Limestone and Jumara Coral 
Limestone members of Jhurio Dome carbonate and constitute about 1 to 4 percent 
and average 0.7 percent of the bioclasts. They occur as mostly disarticulated but 
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sometimes articulated valves, ranging in size from 0.4 to 1.5 mm. A well-preserved 
fine prismatic wall microstructure is seen. The ostracod fossil occurs in fine dark 
carbonate mud and is internally filled by micrite. 
Gastropod 
The gastropods are found in Dhosa Oolite, Jumara Coral Limestone, Jhura Golden 
Oolite and Badi Lower Golden Oolite Members of Jhurio Dome carbonate and 
constitute about 1 to 6 percent and average 0.6 percent. The size generally ranges 
from silt size to sand size and occasionally much larger fragments and whole 
fossils up to 15 mm occur. The bioclasts are subangular to subrounded. 
Gastropod shells are easily identifiable by their characteristic outlines. The 
chambers are separated by dark fine-grained micritic walls and are internally filled 
by micrite. Some of the gastropod shells have lost all traces of their wall 
microstructure during transformation from original aragonite to sparry calcite. 
Pelecypods 
The pelecypods are found in Dhosa Oolite, Jumara Coral Limestone, Jhura 
Golden Oolite Members of Jhurio Dome carbonates and constitutes about 1 to 5 
percent and average 0.7 percent. The pelecypod debris consists of disarticulated 
valve fragments, ranging in size generally from 0.1 to 7.5 mm. The bioclasts are 
mainly subrounded to rounded. These were originally aragonite shells that inverted 
to calcite by probably dissolution-precipitation mechanism, which obliterated all 
relict internal shell structure. Grains are identifiable only on the basis of 
characteristic shapes outlined by micrite envelope. Some are in form of complex 
pellet grains and are distinguished from intraclasts by their consistent 'tear 
drop' shape. 
Bryozoans 
The bryozoan fragments are found in Jumara Coral Limestone Member of Jhurio 
Dome carbonate and constitute about 1 percent and average 0.1 percent. Individual 
segment of fenestrate bryozoans is generally seen having a size range of 0.3 to 0.5 
mm. The wall microstructure is generally altered but occasionally original fibrous 
wall microstructure is identifiable. They comprise circular to elongated holes 
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(zooecia) filled with micrite or sparry calcite. The zooecia are less than 0.3 mm in 
diameter. 
Corals 
The corals are found in Jumara Coral Limestone and Badi Lower Golden Oolite 
Members of Jhurio Dome carbonate and constitute about 1 to 17 percent and 
average 0.8 percent. Scleractinian and solitary coral varieties are encountered. 
Scleractinian corals have high primary intragranular porosity. Wall structure was 
entirely obliterated during inversion from aragonite to calcite and is recognizable on 
the basis of shape of internal chambers and radial arrangement of septa. They occur 
as rounded bioclasts with altered shell wall and tubes of more than 0.5 mm diameter. 
Foraminifera 
The fragments of foraminifera are found in Sponge Limestone and Jumara Coral 
Limestone Members of Jhurio Dome carbonate and constitute about 1 to 8 percent 
and average 0.6 percent. They range in size from 0.04 to 0.6 mm. They comprise 
uniserial to biserial, miliolid, fusulinid and globigerinids forms. In the well-preserved 
forms, porcellaneous or fine granular wall microstructure is recognizable. The shell 
chambers are filled with either micrite or sparry calcite cement and rarely with 
quartz silt. Some forms show replacement by iron oxide. 
Algae 
The algae are found in all the members of Jhurio Dome carbonates and constitute 
about 1 to 32 percent and average 3.7 percent. They comprise blue-green algae, 
green algae (dasycladacean, codiacian and phylloid) and red algal grains. Blue-
green algae occur as dark colour encrustations on bioclasts and as laminated and 
contorted algal mat. Codiacean algae shows mud filled tubes, where mud has not 
filled the tubes, recrystallization has obliterated the grain. Dasycladacean algae 
show poor preservation and are identified by central cavity and radiating porous 
tubes. Most of the lightly calcified structure has been destroyed and only traces 
of the original structure are remaining. Phylloid algae show relatively good 
preservation. Some of the marginal tubes have collapsed into the grain interior 
during dissolution. Red algae occur as encrustations and grains showing fine 
cellular structure. 
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Algal stromatoporoid are also found in some of the studied samples showing the 
general undulating, head shaped colonial form with pore structures paralleling 
the exterior of the colony as well as pores which run perpendicular to the 
exterior. 
NON-SKELETAL GRAINS 
Non-skeletal carbonate grains are those that are not of biogenic origin. In the Jhurio 
Dome carbonates ooids, pellets and peloids and intraclasts constitute non-skeletal 
grain. The description of which is as follows: 
Ooids 
Ooids include superficial, true and composite ooids. Superficial ooids are abundant 
whereas composite ooid are scarce. The thickness of cortex in superficial ooids is 
less than the diameter of the nucleus whereas the thickness of cortex in true ooid is 
more than the diameter of nucleus. Composite ooids are composed of more than one 
nucleus. Sometimes the concentric layers of ooids are replaced by iron oxide. The 
size of the ooids ranges from 0.5 to 15 mm. They constitute 1 to 34 percent and 
average 9.8 percent of the non-skeletal grains. The ooids are subrounded to well 
rounded having medium to high sphericity. 
Peloids and Pellets 
SchoUe (1978) defined 'peloids' (lithic pellet) as an allochems formed of 
cryptocrystalline or microcrystalline carbonates irrespective of size or origin. In the 
study area, peloids consist of generally well-rounded, oval and circular grains of 
cryptocrystalline carbonate. They range in size from 0.02 to 0.7 mm. The peloids 
appear to be micritized bioclasts, ooids, faecal pellets and pelletal intraclast. 
Pellets (faecal) closely resemble peloids in size, shape and composition and it is 
difficult to differentiate them. Those darker in appearance than the surrounding 
micrite, possibly because of their higher organic contents and show remarkable 
uniformity of size and shape are interpreted as faecal pellets. They are rounded to 
ellipsoidal in shape and range in size from 50 -250 um. The peloids and faecal pellets 
comprise 1 to 51 percent and averages 7.5 percent. 
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Intraclasts 
Intraclasts are fragments of penecontemporaneous, ^efajly weakly consalidaftd, 
carbonate sediment that have been eroded from adjoining-parts ^"sea bo^ f^m and 
redeposited to form new sediment (FolPc, 1962). They have firm boundaries with 
rounded outline indicating that they originated in a high-energy environment from 
erosion of already lithified carbonate sediments. They are thought to form usually by 
low tides allowing wane attack on exposed, mud cracked carbonate flats. Intraclasts 
of the 'grapestone type' are also found. These are aggregates of other grains held 
together by cement and algal encrustations. The intraclasts comprise 1 to 53 percent 
and averages 5.4 percent. 
SPARRY CALCITE 
This type of calcite generally forms grains or crystal of 10-micron size or more and is 
distinguished from microcrystalline calcite by its clarity as well as coarser crystal 
size (Folk, 1962). Bathurst (1971) distinguished sparry calcite by the intercrystalline 
boundaries in the sparry mosaic, which are made up of plane interfaces and 
characterized by enfacial junctions. In the studied carbonate rocks, sparry calcite 
occurs as pore filling. It also fills shell cavities and moulds produced by leaching of 
mollusk fragments. Some amount of sparry calcite is present as syntaxial cement 
rims. Interparticle pore filling sparry calcite cement is of granular type (Orme and 
Brown, 1963). The granular sparry calcite cement comprises small elongate, circular 
or fibrous crystals that rim the pore space and are designated as isopachous rim 
cement. Away from the boundary of pore space, crystal size increases and crystals 
become more equant and anhedral and such type of granular cement is called blocky 
cement (Dunham, 1969). Sometimes it is difficult to distinguish sparry calcite 
cement where it is admixed with recrystallized pseudospar. It constitutes 2 to 90 
percent and average 9.1 percent. 
MICRITE 
Micrite is a microcrystalline calcite material finer than 4 micron (Folk, 1962). 
Micrite is thought to form by rapid chemical or biological precipitation of aragonite 
ooze and its subsequent recrystallization and inversion to calcite. Leighton and 
Pendexter (1962) defined micrite as consisting of particles less than approximately 
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31 microns. Bissel and Chilingar (1967) employed the term "micrite" for material 
whether crystalline or fine grained, which is 50 micron or smaller in diameter. In the 
present study Leighton and Pendexter's definition of micrite has been followed. In 
the studied carbonates, it has occasionally been recrystallized to 'pseudospar' that 
consists of grains more than 30 micron in diameter (Folk, 1965). Micrite constitutes 
7 to 91 percent and average 47.1 percent. 
DOLOMITE 
Dolomite occur in samples of the Badi Lower Golden Oolite Member of Jhurio 
Dome carbonate and constitute about 1 percent, averaging 0.1 percent of the total 
grains. They are found associated with red algal grains which act as encrustation. 
Most of the dolomites show dissolution effect, some of them have been infilled by 
microspar and silica, whereas others show secondary porosity. 
FACIES AND DEPOSITIONAL ENVIRONMENT 
MICROFACIES DESCRIPTION 
In the present study the Microfacies types (MF) were classified following Carozzi 
(1989) and are comparable with Standard Microfacies types (SMF) of Flugel (1972) 
and Wilson (1975) and are shown against each other in parenthesis. A total of nine 
microfacies types were identified belonging to two following textural groups: 
Group A (Grain supported oolitic biocalcarenite): This group consists of oolite 
bearing intraclastic calcarenites with calcisiltite matrix to oolite bearing calcarenite 
with sparry calcite cement. This group consists of following microfacies: 
Microfacies Al: ^MF type 12 (Bioclastic packstone, grainstone or 
rudstone): This microfacies consist of ooid bearing biosparite to biosparrudite and 
less frequent biomicrite with crinoids, echinoids, pelecypods, scaphopods, 
brachiopods and algae. Pressure solution effect is evident along the ooid contacts. 
Cement is represented by intergranular sparite, blocky calcite, fibrous calcite and 
calcite overgrowth (PLATE - III, Photo 1). 
Microfacies A2: ^MF type 14 (Bioclastic packstone): This microfacies consists 
of grain supported, coated and worn particles mixed with peloids. Bioclasts include 
gastropods, brachiopods, ostrocods and crinoids. Rare echinoid, pelecypod, 
foraminifera and algal fragments are also found. The binding material is generally 
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PLATE - III 
Photo 1. Photomicrograph showing Microfacies Al ~ SMF 
Type 12 (2.5X). 
Photo 2. Photomicrograph showing Microfacies A2 ~ SMF 
Type 14 (lOX). 
Photo 3. Photomicrograph showing Microfacies A3 ~ SMF 
Type 15 (lOX). 
Photo 4. Photomicrograph showing Microfacies Bl ~ SMF 
Type 2 (lOX). 
Photo 5. Photomicrograph showing Microfacies B2 ~ SMF 
Type 3 (lOX). 
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micrite with patches of intergranular sparite. Pressure solution is evidenced along 
ooid boundaries. Ooids show evidence of compaction and reworking such as 
breakage, abrasion and/or truncation (PLATE - III, Photo 2). 
Microfacies A3: s^SMF type IS (Oolitic grainstone-packstone): This microfacies 
consist of grain supported and pressure welded ooid bearing calcarenites with sparry 
calcite cement and micrite. Bioclasts include brachiopods, ostrocods, pelecypods, 
gastropods, crinoids, echinoids and algal fragments. Pressure solution is evident 
along grain contacts (PLATE - III, Photo 3). 
Group B (Bioclastic to Intraclastic calcarenite): This group consists of bioclastic 
calcisiltites containing scattered fine grained bioclasts to pressure welded intraclastic 
biocalcarenites with sparry calcite cement. This group consists of following 
microfacies: 
Microfacies Bl: ^MF type 2 (Microbioclastic calcisiltite): This microfacies 
consists of fine bioclasts and peloids with very fine packstone or wackestone texture 
containing sponge spicules, foraminifera with less frequent ostracods, brachiopods, 
gastropods, blue-green and green algae, crinoid fragment and other echinoderms 
(PLATE - III, Photo 4). 
Microfacies B2: s^SMF type 3 (Pelagic lime mudstone): This microfacies consist 
of micrite matrix having scattered fine sand or silt sized bioclasts of brachiopods, 
foraminifera, sponges, ostracods, coral, bryozoa and codiacean green algae and (?) 
red algae (PLATE - III, Photo 5). 
Microfacies B3: ^MF type 4 (Bioclastic-lithoclastic packstone): This 
microfacies consist of intrabiomicrite, oobiomicrosparite with abundant shallow 
marine detritus represented by crinoids, foraminifera, brachiopods, dasycladacean 
and codiacean algae. Pelecypods, gastropods and coral fragment are less frequent 
(PLATE-IV, Photo 1). 
Microfacies B4: sSMF type 11 (Grainstone): This microfacies consists of coarse 
grained, ooid bearing, grain supported algally coated grains of echinoids, 
brachiopods, pelecypods bearing biocalcarenite. The intergranular cement of sparry 
calcite mosaic and syntaxial overgrowth on echinoderm fragments is common 
(PLATE - IV, Photo 2). 
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PLATE - IV 
Photo 1. Photomicrograph showing Microfacies B3 ~ SMF 
Type 4 (lOX). 
Photo 2. Photomicrograph showing Microfacies B4 ~ SMF 
Type 11 (lOX). 
Photo 3. Photomicrograph showing Microfacies B5 ~ SMF 
Type 17 (lOX). 
Photo 4. Photomicrograph showing Microfacies B6 ~ SMF 
Type 18 (lOX). 
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Microfacies B5: sSMF type 17 (Grapestone or pelsparite): This is a mixed 
microfacies of peloids, agglutinated peloids, some algally coated particles and lumps 
that are in parts small intraclasts. Minor amount of bioclasts such as gastropods, 
brachiopods and echinoderm fragments are found embedded in micrite and sparry 
cement (PLATE - IV, Photo 3). 
Microfacies B6: ^MF type 18 (Foraminiferal Grainstone): This microfacies 
consists of poorly sorted foraminiferal grainstone. The bioclasts are made up of 
skeletal elements of foraminifera, sponges and algae embedded in grains of spar 
(PLATE - IV, Photo 4). 
MICROFACIES ASSEMBLAGE AND DEPOSITIONAL ENVIRONMENT 
From all the four sections, nine microfacies were recorded. These microfacies include 
MF types Al, A2, A3, Bl, B2, 33, B4, B5 and B6 which can be equated to SMF 
types 12, 14, 15, 02, 03, 04, 11, 17 and 18 respectively. These microfacies can be 
divided into three groups in the order of increasing energy conditions and are as 
follows: 
G-I: consisting of low energy microfacies comprising of MF types B1, B2, 35 and 
B6; 
G-II: consisting of moderate energy microfacies comprising of MF types 33, 
and B4; 
G-III: consisting of high energy microfacies comprising of MF types A3, A2 
and Al. 
The temporal distribution of microfacies in the studied sections of the Jhurio Dome 
(Figure - 13) shows that, three distinct assemblages of the microfacies belonging to 
three different SMF Zones which followed each other through time, reflecting an 
increasing complexity of the depositional environments. These assemblages are 
categorized into SMF Zones and representative MF types are as follows: 
Assemblage-1: consisting of moderate to low energy microfacies zones 3 / 4 
comprising of MF type Bl, 32, 33 and B4 representing Foreslope 
to Deep Shelf Margin depositional environment. 
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Assemblage-2: consisting of moderate to high energy microfacies zone 6 
comprising of MF type Al, A2, A3, B3 and B4 representing 
Winnowed Platform, Carbonate Shoal or Bar to Bank depositional 
environment. 
Assemblage-3: consisting of low energy microfacies zones 7 / 8 comprising of 
MF type B5 and B6 representing Restricted Marine Shoal or Open 
to Restricted Platform (Lagoon) depositional environment. 
Assemblage 1 and 2 occurs in all the four sections measured at Jhurio Dome whereas 
Assemblage 3 is only found in lower part of Badi Nala and Sonwa Nala sections, the 
equivalent of which is believed to be unexposed at Bhurund and Kaila rivers. Thus, 
the assemblages can be very well traced laterally. Temporally, Assemblages 1 and 2 
occur in 3 to 5 cycles with Assemblage 3 occurring in the first cycle at Sonwa and 
Badi Nala sections. The cyclicity of these assemblages, are fairly uniform in all the 
four sections of Jhurio Dome, thus reflecting uniformity in depositional environment, 
both in space and time. However, all these cycles do not have the same numbers and 
types of microfacies present within them temporally and laterally, thereby reflecting 
fluctuation in the depositional environment locally. 
The temporal distribution of the three assemblages reflect an inter-relationship of 
three sub-environment i.e., slope, carbonate shoal and lagoon representing cycles of 
coarsening upward or deepening - shallowing cycles. However, the change between 
successive sub-environments is both gradual as well as abrupt. The abrupt change 
may be attributed to quick transgressive - regressive events probably under the effect 
of local tectonics (uplift or subsidence due to faulting) or fluctuations of sea level. 
The Badi White Limestone Member is interpreted to be low energy slope deposits, 
probably on the deep shelf margin below storm wave base (Assemblage 1, 
microfacies Bl) or much below fair weather wave base and out of reach of storms. 
The study of microfacies and their assemblage suggests three main depositional 
processes for the formation of Golden Oolites (Badi Lower Golden Oolite and Jhura 
Golden Oolite): i) The high energy physical sedimentation from current flows during 
transgression characterized by irregular to sharp nature of contact, well preserved 
bioclasts and abundant reworked intraclasts and large scale cross-bed and wave 
ripple above fair weather wave base (carbonate shoal), ii) settling of fines from 
59 
suspension during fair weather period as distinguished by fine grained beds of 
calcareous wackestone and grainstone in the sequence which is somewhat 
bioturbated representing moderate to low energy environment, ill) presence of peloid, 
agglitumated peloids, forams, sponges, algal coated particles and dolomitic rhombs 
suggest deposition in low to very low energy conditions within the tidal range. 
Abundance of coarser rock types and associated wave form structure, presence of 
bioturbated wackestone and grainstone interbedded with excellent preservation of 
tempestites in some units indicate deposition above fair weather wave base but below 
tidal range in carbonate shoal environment. The erosive to sharp nature of contacts, 
abundance of reworked intraclasts and well preserved bioclasts, vertical stacking of 
rock types and their associated sedimentary structures are all typical of "tempestites" 
beds having being deposited during storm events as defined by Aigner (1882). 
Limestone (and sandstone) beds deposited during storm event are being increasingly 
referred to as tempestites. Storm beds commonly show marked changes in character 
with increasing water depth (Aigner, 1982; Aigner and Reineck, 1982). Proximal 
storm beds are relatively thick bedded, bioclasts dominated and coarse grained 
whereas distal equivalent are mud dominated. In the present case, relatively thick 
bedded, bioclasts are dominated and coarse grained grainstone facies (Al & A3) in 
Assemblage 2 are therefore interpreted as being deposited by waning currents 
associated with storm sedimentation. The grainstones with ripples are interpreted as 
product of wave generated oscillatory flows produced by passage of storm (Mishra 
and Tiwari, 2006). The homogenous, fine grained beds (microfacies B2, B3 & B4) 
are interpreted as being the result of intervening fair weather sedimentation. The 
basal part of Jhura Golden Oolite (microfacies 85 & 36) is interpreted to have been 
deposited in restricted marine shoal or shelf lagoon when the sea transgressed under 
tidal influence. 
Goradongar Yellow Flagstone Member represents a mixed carbonate-silicicalstic 
environment in which the carbonates were deposited on the moderate to low energy 
outer carbonate ramp on the slope where the autocthonous carbonate content was 
diluted by silt and sand from terrigenous source and the siliciclastic material was 
reworked during subsequent transgression. Due to low input of terrigenous material 
during transgression, skeletal derived carbonate particles are important constituents 
of the sediments within this unit. The Jumara Coral Limestone Member is interpreted 
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to represent moderate to low energy slope deposits, probably on the deep shelf 
margin or foreslope below fair weather wave base (Assemblage 1, microfacies B2 
and B3). The top of Jumara Coral Limestone Member is composed of lag deposits 
(Assemblage 2, microfacies A2) formed due to erosion by storm as the sea started 
regressing. The Sponge Limestone Member is interpreted to represent moderate to 
low energy slope deposits, probably on the deep shelf margin or foreslope below fair 
weather wave base (Assemblage 1, microfacies B2 and 33) and is affected by 
occasional storm in the upper part of the unit (Assemblage 2, microfacies A2). 
Intraclasts within the Sponge Limestone Member may be interpreted as "erosional". 
According to Folk (1962), intraclast can be differentiated by appropriate modifiers 
having genetic connotation. It may be referred to as 'erosional' and 'aggregate' 
intraclasts. Most of the intraclasts are the result of erosion or reworking of earlier 
deposited sediments because they are associated with intra-formational erosion 
surfaces and their lithic character is identified to be eroded layers below. Some 
intraclasts have irregular shape and appear to be aggregate of smaller grains. Laporte 
(1967) suggested erosional intraclast to be product of intertidal and aggregate 
intraclasts as shallow subtidal in origin. In the present case, erosional intraclasts are 
common in Association 2 (microfacies A2) and are interpreted as deposition in the 
upper shoreface by storm. This unit contains beds of sandstone which are medium to 
coarse grained and are interpreted as storm wave dominated shoreface deposits based 
on lithofacies association. 
Callovian-Oxfordian time was marked by a world-wide sea level rise, reaching its 
peak either in Oxfordian or Kimmeridgian (Vail and Todd, 1981: Hallam, 1984), 
causing major transgressions in many part of the world. Biswas (1981), Singh (1989) 
and Fursich (1991) consider Dhosa Oolite Member to mark the maximum 
transgression in Kachchh. Sea level rise in the Late Callovian and Oxfordian caused 
increase in water depth in the main part of the Kachchh Basin, causing flooding in 
the source area and shutting down sediment supply. Oolites from the existing shoals 
were reworked and redistributed. Low supply of new sediment caused extensive 
reworking of the sediment bottom by burrowing organism; sediment bottom was also 
affected by occasional storm events which caused winnowing and removal of 
sediments thereby resulting in mixing of fauna and sediments of different time 
periods (Singh, 1989). Early diagenesis produced submarine lithification making 
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hardgrounds. Rapid rise in sea level brings the productive zone of carbonate below 
the euphotic zone (e.g., Cojan and Renard, 2002). The production is reduced and 
finally ceases, thus leading to the development of hardgrounds indicating hiatus and 
submarine discontinuity. Few workers (e.g., Biswas, 1981) have proposed that 
probably below and above the Dhosa Oolite Member, there are unconformities and 
Dhosa Oolite represents deposition close to the wave base. However, this study 
demonstrates that the same is true for the lower portion of Dhosa Oolite (Dhosa 
Oolite Sandstone Member) and it may have been actually deposited above the wave 
base as suggested by presence of wave ripples. Lithofacies assemblage suggests this 
unit to have been deposited in storm-wave dominated shoreline environment 
(backshore-shoreface), in the proximity of shore as suggested by presence of wave 
ripples. The deposition of upper part of Dhosa Oolite i.e. the carbonate unit 
(Assemblage 2, microfacies A3) took place below the wave base and it can be best 
described as condensed horizon formed during a major regional transgressive event. 
Probably, there is no unconformity at the base of Dhosa Oolite as the contact 
between Gypsiferous Shale Member and Dhosa Oolite Member is straight to 
erosional and the same is also suggested by Singh (1989). According to Fursich et. 
al., (1992), the deposition of Dhosa Oolite took place as a result of alternating phases 
of sedimentation, cementation and large scale bio-erosion in relation to uniform 
offshore setting well below fair weather wave base but still within the reach of 
singular storm. 
CLASTIC LITHOFACIES DESCRIPTION 
Various types of lithofacies in accordance with lithological variation were 
recognized on the basis of lithological characters, texture and sedimentary structures. 
These lithofacies have been encountered at different stratigraphic levels in measured 
sections in the area of investigation. A total of eight lithofacies have been recognized 
in the study area. The lithofacies identified are as follows: 
Lithofacies 1: Tabular cross-bedded sandstone (Sp): This facies is composed of 
tabular cross-bedded, moderately well sorted, medium to coarse-grained sandstone. 
The sandstone beds are thick and thin bedded. Tabular cross-bedding locally grades 
laterally into parallel lamination. The foresets show bimodal-bipolar palaeocurrent 
pattern (Ahmad et. al., 2008). Bed-sets exhibit upward concave geometry defining 
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sigmoidal cross-beddings that are separated by erosional surfaces, sub-parallel to 
inclined reactivation surfaces (PLATE I, Photo 5). 
Lithofacies 2: Trough cross-bedded sandstone facies (St): This fades is upto 1.5 m 
thick, erosive based, trough cross-bedded, coarse-grained sandstone having bipolar 
paleocurrent direction (Ahmad et. al., 2008) (PLATE I, Photo 4). 
Lithofacies 3: Wave rippled sandstone facies (Sr): This facies is composed of fine 
to coarse-grained sandstones and is found within Dhosa Sandstone Member. Bed 
contacts are sharp and wavy-type. The increase in grain size indicates shallowing 
towards top of the unit. Occasional occurrence of interference ripples are observed. 
Crest of the ripples are straight to sinuous, sometimes rounded and flat. Symmetrical 
ripples are abundant (PLATE II, Photo 3). 
Lithofacies 4: Laminated Sandstone Facies (SI): This facies is composed of very 
thinly laminated, whitish-brown, 1 - 10 cm thick sandstone beds. Mud cracks occur 
locally. Beds are tabular and some have rippled top. The beds are mostly evenly 
laminated. Some beds have combination of horizontal lamination and low-angle 
cross-beds. The bed contacts are sharp. Mud drapes are seen to occur within this unit 
(PLATE I, Photo 6). 
Lithofacies 5: Herring-bone cross-bedded sandstone facies (S-hb): The facies is 
observed in the Athleta Sandstone Member. Herring-bone cross-beds have developed 
in a 3 m thick sandstone bed. The sandstone is medium-grained, thick-and-thin-
bedded, and occasionally laminated. The sandstone shows sharp boundary contact 
with the overlying fine grained beds and has an erosional base. Herring-bone cross-
beds are associated with tabular cross-bedding and laminations (PLATE II, Photo 4). 
Lithofacies 6: Hummocky cross-bedded sandstone facies (S-hcs): This facies is 
observed in the Patcham Formation. It consists of 20 to 40cm thick beds of sandstone, 
which are light brown, medium-grained and pebbly alternating with micritic 
limestone, shale and marl. The upper part of the sandstone unit shows hummocky 
cross-bedding. The hummocky cross-beds are however, poorly developed and may be 
delineated only on close examination. They are either aggradational or originated 
from laminae drapping shallow and very low angle truncations. Laminae are parallel 
and conform to the underlying surfaces and show downlap and onlap relationship with 
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underlying surface at very low angle. The hummocks are commonly built up sets of 
tabular laminae without erosion (e.g., Brenchley and Newall, 1982; "Active 
hummocks" of Boss et. al., 1988). 
Lithofacies 7: Massive Sandstone Facies (Sm): This facies consist of massive, 
structureless, upto 2 m thick, yellow, brown, white to purple sandstone which is fine 
to medium grained. Increase in grain size towards top reflects shallowing upward 
sequence. 
Lithofacies 8: Conglomerate facies (G): This facies is confined to the upper to 
middle parts of Purple Sandstone Member. It is composed of clasts of quartzite and 
vein quartz with maximum clast size of 40 cm. The clasts are imbricated, rounded to 
sub-rounded and moderately spherical in shape. The matrix is mainly composed of 
coarse sand and granules of vein quartz at the base and finer to medium-grained sand 
at the upper part of the section. The conglomerate beds show wavy contacts with 
sandstone beds. The lower and upper bounding surfaces are erosional (PLATE II, 
Photo 5). 
LITHOFACIES ASSEMBLAGE AND DEPOSITIOANL ENVIRONMENT 
Individual facies may not be diagnostic of any particular environment. Lithofacies 
assemblage signifies collection of multiple facies resulting from genetically related 
accumulation and modification. It constitutes several lithofacies that occur in 
combination, and typically represent one depositional environment. Lithofacies 
interpretation forms the primary tool for identifying the depositional conditions under 
which the sediments were deposited and preserved. In this study, two distinct 
assemblages (Figure - 13) have been identified based on association of lithofacies 
with one another, their textural characteristics and sedimentary structures and their 
environment of deposition is interpreted. 
Assemblage A: Wave Dominated Inter Tidal / Sub Tidal Deposits 
Assemblage A consists of a tabular package, essentially dominated by different types 
of sandstone facies like tabular cross-bedded sandstones, herring-bone cross-bedded 
sandstone, trough cross-bedded sandstone, ripple bedded sandstone and parallel 
laminated sandstone. Mud drapes are seen to occur within this unit. The sandstones 
are fine to medium-grained, moderately sorted with wavy to straight bed contacts. 
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Tabular cross-sets are present mostly in large-scale but small scale tabular as well as 
trough cross-sets are also there. Herring-bone cross-sets are present in medium-
grained, hard and compact, moderately sorted sandstones. Parallel lamination is seen 
in thinly bedded medium to fine-grained sandstones. This assemblage is internally 
characterized by an overall coarsening-upward succession. 
Interpretation 
Tabular geometry of the facies assemblage A suggests deposition in a flat-lying area. 
Large-scale tabular cross-bedded sandstones can be interpreted to be a deposit of 
inter-tidal flood ramps, lateral accretion of tidal channel bars (e.g., Casshyap and 
Aslam, 1992; Allen & Leather, 2006). Presence of small-scale cross-bedding in 
assemblage with lamination suggest mixed tidal flat depositional environment, (e.g., 
Reineck and Singh, 1980). Moderately sorted sandstones and paucity of silt and clay 
indicate sediments were subjected to prolonged reworking by wave and tidal currents. 
The erosional base, trough cross-bedded, bipolar paleocurrent directions in adjacent 
depositional units suggest deposition in tidal sand bars in a subtidal environment 
(Hiscott, 1982; Dalrymple et. al., 1990; Dalrymple, 1992; Sultan and Bjoklund, 2006). 
Thus these tabular cross-bedded and moderately well-sorted sandstones which lack 
any significant amount of mud or silt content indicate their deposition in shoreface to 
near-shore environment as in such settings, tabular cross-sets and planar lamination 
form during the construction and migration of upper shoreface - beachface bars (Allen 
and Leather, 2006). 
Ripple bedded sandstone facies represents shallow water sand deposits in tidal 
depositional settings. Flat and rounded tops of the ripple bedform reflect planning-ofF 
during tidal reversal (Klein, 1970). Undulation in ripple-crests implies a transition 
from low energy to high energy conditions. The wave- or current generated ripple 
beds are common in sandy tidal flats or relatively shallow tidal channel margin 
(Meyer et. al., 1998). 
When the tidal currents are too slow to produce ripples, they produce sand layers from 
suspension (Dalrymple, 1992), as seen in parallel laminated sandstones. The parallel 
laminated sandstone facies can be formed during occasional periods of storm in 
intervening periods of low sediment influx and in intermittent inter-tidal environment. 
The presence of mud drapes suggests tidal influence during deposition. The 
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interpretation is supported by the cyclical thickening and thinning trends of beds that 
indicate variation in tidal currents (Kvale and Archer, 1990). Cross-beds associated 
with laminated beds suggest their deposition on beach-face environment under the 
influence of strong tidal and longshore currents. Their environment of deposition can 
be interpreted to be inter-tidal (e.g., Khalifa et. al., 2006). The presence of herring-
bone cross-beds reflects the bed load deposition by reversing tidal currents of equal 
bed shear intensity and bottom current velocities. Flow direction reversals are 
associated with both rising flood and falling ebb stage of tidal cycle and these 
reversals are generally bi-polar in orientation. Reading (1986) and Reineck & Singh 
(1980) attributed these sedimentary structures to tidal environment of nearshore 
(barrier associated) deposits. Collinsion & Thompson (1984) attributed this facies to 
have formed in inter-tidal and shallow sub-tidal environment. Reading (1986) 
attributed herring-bone type cross-bed in sandstone as diagnostic feature of tidal 
currents. Collinsion & Thompson (1984) attributed these structures to inter-tidal and 
shallow sub-tidal environment. Lesser occurrence of herring-bone cross-beds 
presumably record relatively weak tide (e.g., Chakraborty et. al., 1999). The presence 
of herringbone cross bedding suggests subordinate tidal currents, strong enough to 
produce bedform migration (Buatois and Mangano, 2003). Occurrence of 
characteristic sedimentary structures like parallel lamination, mud drapes and ripples 
associated with herring-bone cross-beds are interpreted to have been deposited in 
upper sub-tidal to lower inter-tidal sub-environment. 
Coarsening upward sequence of the facies assemblage suggests an increase in flow 
velocity and sand supply linked to tidal flat shallowing. Tidal flats that developed 
under progradational phase and are dominated by waves are characterized by a 
coarseing-upward succession, consisting of fine sediments at the base and 
progressively coarser sediments toward the top in an uninterrupted vertical sequence. 
This common relationship reflects increasing energy in a progradation from subtidal 
to intertidal parts of the tidal flats. 
Assemblage B: Storm-Wave Dominated Shoreline Deposits 
Assemblage B is made up of symmetrical and asymmetrical ripple bedded sandstones, 
interference ripple-bedded sandstones, tabular and trough cross-bedded sandstones in 
large as well as small scale, hummocky cross-bedded sandstones, laminated 
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sandstones, clast-supported polymictic conglomerates which at its base is matrix-
supported and massive sandstone lithofacies. The sandstones are fine to coarse 
grained with wavy to straight bed contact. At places the unit is interbedded with 
carbonaceous shale and contains fossils towards its top. Clast-supported 
conglomerates are coarse-grained and have subangular to subrounded clasts of 
quartzite and vein quartz. Matrix-supported conglomerate occurs as thin bands at the 
base. Average size of the clasts of conglomerate is 1 cm. The lower bounding surface 
of conglomerate is uneven with erosional cut-and-fill structures. In general, the 
conglomerate is poorly sorted, unstratified, shows thick-and-thin behavior, however 
towards the base the clasts are oriented along the bedding planes. The sandstones of 
this assemblage are bioturbated. This assemblage is internally characterized by an 
overall coarsening-upward succession. 
Interpretation 
Most progradational, wave dominated sequence commence in fine grained offshore or 
shelf facies and coarsen upwards through a series of facies reflecting increasing wave 
power into foreshore facies. The sequence commonly ranges in thickness from 10 to 
60 m, with thickness reflecting the depth of the inshore part of the basin and the rate 
of subsidence during deposition (Klein, 1974). Facies in this sequence can be 
compared with those in modern beach face sub-environments, allowing processes to 
be identified and the paleo-wave regime to be constructed. 
Reineck and Singh (1980) reported symmetrical wave ripples from 4 m deep water of 
offshore region and asymmetrical wave ripples from 0 to 2 m deep water of 
backshore-shoreface zone of Gulf of Gaeta, Italy. Asymmetrical ripples can either be 
the manifestation of moderately deep offshore water or of much shallower water 
within the range of backshore-shoreface environment. Abundant asymmetrical ripples 
with crests oriented parallel to current direction are also an upper shoreface feature 
(Reading, 1986). Symmetrical ripple marks with rounded crests reflects planning-off 
during tidal reversal. The facies suggests deposition in wave-dominated shoreface 
environment (Allen &. Leather, 2006). Abundance of symmetrical ripple marks 
indicate that the deposition probably took place on the shoreface under the constant 
influence of waves (De Raaf and Boersini, 1971, Allen and Leather, 2006). 
Occurrence of interference ripple marks is significant. They indicate a depositional 
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setting of extremely shallow water regime of backshore-shoreface environment. 
Interference ripples indicate temporary emergence and a shallow depth of water over 
the bars (Mukhopadhyay & Chaudhuri, 2003). Large-scale tabular cross-bedded 
sandstones indicate high energy combined-flow condition in a storm-influenced lower 
shoreface environment (e.g., Duke et. al., 1991). Small-scale tabular cross-bedding 
represent deposition in tidal sandsheet bars in upper shoreface. High angle trough 
cross-bedded sandstones oriented in current direction flowing parallel to shore are 
product of upper shoreface deposited by longshore currents. Abundance of low angle 
trough cross-beds is indicative of storm-dominated deposition above fair-weather 
wave base in the mid-to-upper shoreface (e.g., Lackie and Walker, 1982; Flint, 1988; 
Chakraborty et. al., 1999). 
Occurrence of hummocky cross-bedded sandstone is a diagnostic feature of stormy 
conditions. The hummocky cross-bedded sandstone is interpreted as a shelf-storm 
deposit formed in a zone affected by storm waves and wind induced currents (Harms 
et.al., 1975). Hommocky cross-stratification has been widely reported in wave 
dominated sequences and although its hydrodynamic origin is not understood at 
present, it is felt to reflect strom wave deposition above storm wave base (Harms et. 
al., 1975; Dott and Bourgeois, 1982). The hummocky cross-stratification can grade 
upwards through flat lamination into wave ripple lamination as storm wanes but the 
upper parts of storm generated beds are commonly reworked by bioturbation below 
fair weather wave base or by a combination of bioturbation and normal wave 
processes above fair-weather wave base. Collision and Thompson (1984) found this 
hummocky cross-bedded sandstone structure in shallow marine shelf sediments and 
interpreted to have formed by action of storm waves below depth of normal fair-
weather wave reworking. Einsele (1992) described it as a feature of storm induced 
lower shoreface deposit worked upon by combined flow regime of storm-wave 
induced oscillatory stress. This structure is usually well developed in a zone of 
significant combined flow, i.e., above the storm wave base, where high energy flow 
conditions with a strong oscillatory component (orbital velocities >0.5mtr/sec) 
develop (Einsele, 1992). 
Large-scale tabular cross-bedded sandstones indicate high energy combined-flow 
condition in an upper shoreface environment. At places towards the basal part the 
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cross-beds occur as erosive based cosets which are interpreted as the product of 
migrating longshore troughs or channels. Above the erosive surface, seaward directed 
cross-beds are seen to occur. This erosive based unit is interpreted as rip channel in a 
barred shoreline where the channels reworked the bars as they migrate onshore. 
Towards the top, the coarsening upward, high wave energy sequence is bounded by 
conglomerate-lined erosional surface interpreted as transgressional lags. High energy 
deposit is evidenced by high proportion broken shells with convex up orientation and 
abundance of reworked granular to sand sized sediment particles. Coarse grained 
sediments (quartz sand/granules and carbonate detrital grains) might have been 
derived into deeper environment by lateral transfer of these sediments through high 
energy waves (storm). The basal part of the conglomerate is stratified and can be 
interpreted as subarial sheet floods or wave driven bedform traction, longitudinal 
bedforms (Miall, 1996). The conglomerate unit suggests deposition in shore-parrallel 
bars and rip channel during dissipative phases of stormy condition (Patel et. al., 
2008). The massive sandstone may be interpreted as deposited as sheet floods. Thus 
the facies can be interpreted as developed under stormy condition in the upper 
shoreface environment. 
The parallel laminated sandstone represents offshore transport of sand during storms 
on the shoreface (Cheel, 1991; Brenchly et.al., 1993; Allen & Leather, 2006). 
Depositional condition for the facies comprised wave and storm related processes 
operating on a shallow marine shelf Sands and silt were emplaced and deposited 
under oscillatory current related to storm and their late-stage phases. Evenly 
laminated sandstones are produced by heavy storms, which erode sand from upper 
part of the beach and transfer them into suspension in turbulent water where they 
settle down in deeper part (e.g., Reineck and Singh, 1980; Araby and Motilib, 1999). 
As a whole, presence of trough and tabular cross-beds, parallel lamination and 
hummocky cross-beds indicate deposition in upper shore-face (e.g.. Storms et. al., 
2005). Further, general lack of herring-bone structures, which are believed to be 
diagnostic feature of tidal ly influenced shallow marine and coastal deposits, again 
indicates a wave dominated and/or storm-dominated shoreface environment. 
Shoreface sediments are controlled to a large degree by waves and wave induced 
currents. Shoreface sands occur down to a depth of 10 to 20 m below mean sea level, 
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where normal wave action ceases. These sands generally exhibit decreasing grain size 
with growing water depth. While the upper shoreface deposits may contain gravelly 
sands and display multi-directional sedimentary structures (trough cross-beds and low 
angle tabular cross-beds), the lower ones consist of fine to very fine-grained sand. 
Here, the primary sedimentary structures consist mainly of planar laminated and small 
scale cross-beds. The bed forms and internal sedimentary structure along the beach-
shoreface profile reflects transformation of deep water waves (oscillatory flow) to 
shoaling waves, generating land directed flow and return flow into the foreshore zone 
under upper flow regime. 
At depths or near fair weather wave base, long-crested symmetrical wave ripples, 
produced earlier by rare storm waves are bioturbated during normal fair weather 
conditions. Landward these inactive ripples pass into active ripples which become 
increasingly asymmetric. These are associated with small or large scale cross-
bedding. On the inner shelf and parts of the outer shelf, either hummocky cross-
startified sand layers or thinner graded sandy and silty beds with cross stratified and 
sometimes with ripple tops are typical. At greater water depths on the outer shelf, the 
current component of the combined storm flow becomes dominant, leading to current 
rippled fine sand and silt beds. 
DEPOSITIONAL MODEL 
Depositional models are summaries of sedimentary environments or systems, which 
can be used for comparison to other environments or systems. Depositional models 
provide a guide for future observations, evaluate the validity of existing concepts, and 
can be used as a tool for prediction of geologic situations with incomplete data 
(Walker, 1979; Miall, 1999). Models can be created from experimentation, 
simulation, theory, and the simplification of multiple observations from the study 
area. 
The present study focuses on the framework in which the processes took place that are 
responsible for the deposition of Kachchh Basin sediments. The objective is the 
development of a model that will improve the understanding of the genesis of facies 
formed under these conditions, facilitate their recognition in the field, and deepen the 
insight into the depositional processes that play a part in their formation. Thus a 
conceptual model has been constructed to provide an idea about the environments of 
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deposition of the study area (Figure - 14). Facies, tiieir interrelationship and 
assemblage are taken into consideration for the interpretation of depositional model. 
This model will be used more as an explanatory tool than for predictive purposes. 
In the Late Triassic / Early Jurassic time, during the early stages of India's northward 
drift away from Gondwanaland, the Kachchh rift basin was formed by subsidence of a 
block between Nagar Parkar Hills and the southwest extension of Aravalli Range. The 
opening of the Kachchh basin to the north of Saurashtra peninsula coincided with the 
transgressive phase of the sea onto the coastal areas of other parts of Gondwanaland 
including the western margin of Indian plate during Jurassic-Cretaceous time 
(Krishnan, 1968). A shallow epicontinental Jurassic sea ingressed into the Kachchh 
basin (Biswas, 1987; Krishna, 1987). Much of the Mesozoic sedimentation took place 
during the early rift phase of the evolution of India's western continental margin. First, 
between basin margin Nagar Parkar fault and Island Belt fault (Kaladongar-Khadir-
Bela fault system) was filled up by granite-cobble fanglomerates and arkoses in the 
rift valley stage and then between the Island BeU and the Mainland was filled by 
continental to paralic valley fill elastics dated as Rhaetic by Koshal (1984). The first 
marine transgression started with extension of graben upto Kathiawar uplift by 
activation of North Kathiawar fault during rift-rift transition of Indian plate 
movement. The graben was inundated forming a gulf. The carbonates of the basin 
were deposited during this period. 
At Jhurio Dome, the lowest exposed unit is Badi White Limestone Member (Early 
Bajocian) of Jhurio Formation which is interpreted to be deposited during the 
transgressive phase (Figure - 15) on the basin margin or foreslope. The overall 
transgressive phase continued up to the deposition of upper part of Jumara Coral 
Limestone Member when the sea began to recede. The intervening sequence is 
marked by transgressive - regressive cycles. The Badi White Limestone Member is 
overlain by Badi Golden Oolite Member and the microfacies suggest shallowing 
upward of the basin. The depositional environment passes from deep shelf margin or 
foreslope to winnowed platform (carbonate shoal) at the top of the Badi Golden 
Oolite Member. This member is overlain by Jhura Golden Oolite, the deposition of 
which starts in open to restricted platform (lagoon). At this point, the sea again starts 
to engulf the basin and the deposition took place at winnowed platform (carbonate 
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Figure 14. Envisaged Depositional Model for Jhurio Dome, Kaclichh, Gujarat. 
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shoal). Further transgression resulted in the deposition of Goradongar Flagstone 
Member which represents a mixed carbonate-silicicalstic environment in which the 
carbonates were deposited on the outer carbonate ramp on the slope where the 
autocthonous carbonate content was diluted by silt and sand from terrigenous source 
(siliciclastic ramp supposed to be prevalent toward east of Jhurio Dome). The 
Goradongar Flagstone Member is capped by Jumara Coral Limstone Member and the 
microfacies association suggests shallowing of the basin as the deposition passes from 
slope to carbonate shoal. The Jumara Coral Limestone Member is overlain by Purple 
Sandstone Member and the lithofacies assemblage suggests a storm-wave dominated 
shoreline depositional environment for this unit. Thus, this unit represents a regressive 
phase and is the last unit of Jhurio Formation. Transgression marks the beginning of 
Sponge Limestone Member (Patcham Fm.) and the microfacies within the unit 
suggest deepening - shallowing - deepening sequence and the depositional 
environment changes from deep shelf margin or foreslope to winnowed platform and 
back again to foreslope or basin margin. During the shallowing phase of this unit 
clastic sediments were deposited and are interpreted as storm dominated shoreline 
deposits evidenced by the presence of hummocky cross beds (although not well 
preserved) at Bhurud River and Sonwa Nala sections. The Chari Formation marks the 
beginning of clastic dominated regime from carbonated dominated regime below and 
it begins with the deposition of Ridge Sandstone Member at Jhurio Dome. This unit 
represents a regressive phase and is interpreted as wave dominated inter-tidal / sub-
tidal deposit. This unit is overlain by Athleta Sandstone Member and represents 
continued regression and is interpreted to be deposited in wave dominated inter-tidal / 
sub-tidal environment based on lithofacies assemblage. The unit is overlain by 
Gypsiferous Shale Member which represents deposition in probably restricted lagoon 
condition. The unit is overlain by Dhosa Sandstone Member of Late Callovian - Early 
Oxfordian age and it marks the beginning of transgressive phase and is interpreted on 
the basis of lithofacies assemblage as deposits of storm-wave dominated shoreline 
environment. In Early Oxfordian time, proto-oceanic stage was reached with complete 
inundation of the embayed basin. The top of Chari Formation comprises of oolitic 
carbonate known as Dhosa Oolite Member which represents condensed horizon 
formed during a major regional transgressive event. 
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The variation in lateral thickness of the units can be attributed to local tectonic 
disturbances within the basin during rift-rift phase of the basin. This phase is marked 
by numerous faulting parallel and perpendicular to the major rift. These local faults 
control the deposition of sediments to a great extent. The anomalous thickness of 
Purple Sandstone Member at Kaila River section suggest deepening of the basin 
towards east, most probably due to faulting (?), thereby providing more 
accommodation space for the deposition of Purple Sandstone Member. The basin 
experienced progressive east to west uplift during Early Callovian after the deposition 
of Patcham Formation (Sponge Limestone Mb.) thereby causing pinching out of 
Athleta Sandstone Member towards the west. Also during this time, the fault (?) 
between the Kaila River and Sonwa Nala reactivated causing the basin uplift towards 
the east, thereby forming a graben in the centre of the studied area. 
Present approach to study the sedimentation history is based on the concept that 
modem depositional environments provide the 'key to the past' when analyzing them. 
Further work is required on facies and tectonic for reconstruction of a much realistic 
model for the basin. 
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CHAPTER - V 
DETRITAL MINERALOGY 
Sandstones are mixtures of mineral grains and roci^  fragments coming from naturally 
disintegrated products of erosion of rocks of all kinds. Minerals may be destroyed or 
altered by the weathering or during transportation en-route to the sedimentation site or 
by diagenesis. Because the detrital mineralogy of sandstone is the inheritance from 
the source area, its study is one of the most pragmatic approaches which are used to 
reconstruct the provenance. Studies have revealed that sandstone mineralogy is 
influenced by tectonic setting (Dickinson and Suczek, 1979, Ingersoll and Suczek, 
1979; Dickinson, 1985; Valloni, 1985), transport mechanism, (Lucchi, 1985; Velbel, 
1985), effect of climate (Suttner, 1974; Mack, 1984; Basu, 1985; Suttner and Dutta, 
1986; Akhtar and Ahmad, 1991) and diagenetic modification (McBride, 1985; 
Akhtar, et. al., 1992; Ahmad et. al., 2004; Ahmad and Bhatt, 2006; Ahmad et. al., 
2008). 
METHODS OF STUDY 
In the present study detrital mineral composition of sandstones was studied both 
qualitatively and quantitatively in 80 thin sections. The samples were selected in such 
a way that lateral and vertical variations within all formations are reflected. In order to 
reconstruct the original detrital composition of the sandstones, the effect of diagenesis 
were taken into consideration as possible during counting. For quantitative analysis 
about 150 - 200 points per thin section were counted for determining the modal 
composition of rocks under investigation. Terminology of Krynine (1940) and Folk 
(1980) was adopted for describing several varieties of quartz and other framework 
constituents. Heavy minerals were separated by Milner's (1962) method. Authigenic 
components (cement, matrix replacement constituents) and pore spaces were counted 
separately. Bioclast, ooids and peloids present within the sandstone were not taken 
into account for determining mineralogical content. 
DETRITAL MINERAL COMPOSITION 
The detrital content of the studied sandstones is mainly composed of several varieties 
of quartz followed by feldspars, micas, rock fragments, and heavy minerals 
(Table - 7). Average detrital mineralogy in tiie studied sandstone includes 
monocrystalline quartz (83.84%), polycrystalline quartz (4.69%), feldspar (7.94%), 
mica (2.55%), rock fragments (0.60%) and heavy minerals (0.38%). 
QUARTZ 
Quartz is the most dominant constituent and its varieties have been recognized on the 
basis of Folk's (1980) classification. Most of the quartz grains are monocrystalline, 
alongwith some polycrystalline quartz grains. The monocrystalline common quartz 
generally shows undulatory extinction. Polycrystalline quartz grains possess both 
sharp and sutured intercrystalline boundaries. The varieties recorded are: common 
quartz, recrystallized metamorphic quartz and stretched metamorphic quartz. The 
average percentages of different quartz types are: common quartz, (83.84%), 
recrystallized metamorphic quartz (3.34%), stretched metamorphic quartz (0.83%), 
chert (0.51%). 
Common Quartz 
Common quartz percentage varies from 72.12% to 99.00%, averaging 83.84%. It 
occurs as subangular to subrounded grains. The grains are monocrystalline present a 
clear appearance having few inclusions of tourmaline, mica and opaques. The grains 
show straight to undulose extinction. 
Recrystallized Metamorphic Quartz 
It occurs mainly as polycrystallised, composite grains of subequent to equant shape. 
Its percentage ranges from 1.1% to 7.15%, averaging 3.34%. The grains are made up 
of a mosaic of microcrystalline to fine grained sub-individuals. The sub-individuals 
are equidimentional with straight to curved boundaries and straight extinction. 
Stretched Metamorphic Quartz 
It comprises 0.0% to 4.98%, averaging 0.83% of the detrital fraction. The grains are 
polycrystalline and are mostly platy to elongate. The sub-individual shows almost 
sub-parallel to parallel orientation, sutured boundaries and undulose extinction. 
Sometimes, the sub-individuals occur independently as microcrystalline grains which 
are easily recognized and distinguished from monocrystalline common quartz by 
characteristic features, such as elongated and lensoid shape, abundant healed fractures 
and undulose extinction. 
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Chert 
Chert is present mainly in Athleta and Ridge Sandstone members. It comprises 0.0% 
to 2.05%, averaging 0.51% of the detrital fraction. 
FELDSPARS 
Feldspars are next in abundance after quartz, averaging about 7.94% of the detrital 
constituents. Two varieties of feldspar have been recognized which include 
microcline and plagioclase in order of abundance. Orthoclase is absent in the studied 
sandstones. Microcline ranges from 1.00% to 13.68%, averaging 6.18% whereas 
plagioclase ranges from O.OVo to \.95%, averaging 0.76% of the total detrital 
constituent. The microcline and plagioclase grains are generally sub-equant with 
mostly subrounded to rounded outlines. Some angular to subangular grains also occur. 
Majority of feldspar are of altered variety but some fresh feldspar is also present. 
Alteration and leaching of feldspar grains is observed along the cleavage plains and 
grain boundaries. 
MICA 
Both muscovite and biotite occur as tiny to large elongated flakes with frayed ends, 
averaging 2.55%. Muscovite is the dominant constituent and range from 0.0% to 
5.13%, averaging 2.38% while biotite occurs in very few samples and range 0.0% to 
2.12%, averaging 0.17%. Mica grains usually show the effect of compaction and 
alteration. 
ROCK FRAGMENTS 
Rock fragments occur from 0.0% to 2.45% of the detrital fraction and averaging 
0.60%. Rock fragments include siltstone, shale, phyllite and schist. Sedimentary lithic 
fragments is dominant followed by metamorphic lithic fragments. 
HEAVY MINERALS 
In general, heavy minerals are scarce in Kachchh Basin sandstones, the average 
percentage being 0.38 (Table - 8). Percentages of the heavy minerals are converted to 
100%. They include opaques (76.62%) and transparent (23.38%). Transparent variety 
is again recalculated to 100%. Transparent heavies include garnet (34.73%), zircon 
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(29.02%), tourmaline (20.20%), staurolite (6.80%), rutile (4.72%), hornblende 
(2.51%), epidote (1.57%) and some unidentified (0.45%)) varieties. 
Opaques occur mostly as subrounded to rounded grains, however some elongated, 
euhedral and irregular grains are also seen. Among opaque minerals, goethite is 
commonly present and recognized by brownish colour. Hematite and limonite occur 
as minor constituent. In plane polarized light hematite appears reddish colored while 
limonite appears as yellowish brown. The opaque minerals are usually associated and 
interlocked with other opaques and transparent minerals. Opaques are also present as 
inclusions within transparent minerals. 
Garnet is one of the most abundant transparent heavy mineral and occurs as angular 
to subrounded in shape. Pink and light pink varieties are more dominant. Few 
colorless varieties are also found. Garnet is equidimensional with surface showing 
conchoidal fractures. It is identified by its isotropic nature but some grains do not 
show complete isotropism due to inclusion of opaque and zircon minerals. Fracturing 
and overgrowths are also observed in few grains. 
Zircon grains are colourless and brown in ordinary light and generally exhibit 
euhedral crystal outline. They are usually rounded to subrounded, however, prismatic, 
angular to subangular shapes are also observed. They are identified by their high 
refractive index, straight extinction and high order of polarization colour. Inclusion 
and concentric type zoning are common features. 
Tourmaline occurs as prismatic, subangular to subrounded grains. Some grains are 
also fractured. The greenish yellow variety is dominant while green and pink varieties 
are rare. Pleochroism is an important and most distinguishing feature of tourmaline 
grains. 
Staurolite is one of the important metamorphic minerals present having straw yellow 
colour and occurs as angular to subangular grains, with sub-conchoidal fractures. The 
grains of staurolite are identified by their characteristic colour, pleochroism and 
straight extinction. 
Rutile occurs as elongated, subrounded grains having deep red and orange colour, 
dark boundaries, very high refractive index and week pleochroisrn.^ 
Hornblende is characterized by its prismatic shape, two set of cleavage and 
pleochroism with extinction angle varying from 17° to 20°. 
Epidote grains are pale green in colour, weakly pleochroic and subrounded in shape. 
They are identified by their colour, pleochroism and straight extinction. 
CLASSIFICATION OF JHURIO DOME SANDSTONES 
For classifying the studied sandstones according to Folk's (1980) scheme, all 
essential constituents were recalculated to 100 percent ignoring the percentages of 
clay matrix/cement, all chemically precipitated cements, bioclasts, peloids, ooids, 
heavy minerals and micas. The essential constituents were allotted to one of the 
three end members: 
Q - All types of quartz including metaquartzite. 
F - All single feldspar grains plus granite and gneiss fragments. 
R - All other rock fragments (chert, slate, phyllite, schist, volcanics, limestone, 
sandstones, shale). 
All the samples of the studied sandstones are plotted near the Q pole in the 
"quartzarenite" and "subarkose" fields (Figure 16). 
FACTORS CONTROLLING DETRITAL MINERALOGY 
Paleoclimate, distance of transport, source rock composition and diagenetic 
modifications are some of the important factors controlling the composition at the 
time of deposition. These factors were studied in order to determine their effect on 
detrital composition. 
PALEOCLIMATE: Many workers have studied the role of climate on compositional 
maturity of detrital sandstones (Darnell, 1974; Young, et. al., 1975; Young, 1976; 
Basu, 1976, 1985; Potter, 1978; Suttner et. al., 1981; Franzinelli and Potter, 1983; 
Mack, 1984; Suttner and Dutta, 1986; Grantham and Velbel, 1988; Akhtar and 
Ahmad, 1991; Girty, 1991 and Anirudhan et. al., 1994). In regions of higher 
temperature and moisture content, weathering is more intense causing destruction of 
feldspar and other labile constituents, thereby increasing the compositional maturity 
by enrichment of more stable quartz. A colder and more arid region will be indicated 
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Figure 16. Classification of sandstones of Jhurio Dome, Kachchh 
Basin according to Folk's (1980) scheme. 
by less mature sediments. The chemical weathering will be further enhanced due to 
biochemical reactions in highly vegetated area (Basu, 1981). 
Bivariant log/log plot (Figure 17) of the ratio of polycrystalline quartz to feldspar plus 
rock fragments against the ratio of total quartz to feldspar plus rock fragments 
(Suttner and Dutta, 1986) has been used for interpreting the paleoclimate of Jhurio 
Dome sandstones. They indicate a humid climate for the region. The paleoclimate 
simulations for Jurassic and Lower Cretaceous times shows that India as a part of 
Gondwanaland experienced humid to tropical climate (Thompson and Barron, 1981; 
Chatterjee and Hotton, 1986; Chandler et. al., 1992). The precipitation of huge 
amount of carbonate during Jurassic is also supportive of the fact that the area was 
witnessing a warm climate similar to those found in tropics. The climate as revealed 
by the fossil flora suggest that there was a secular climatic change from semiarid in 
Triassic to mild warm in Jurassic and tropical in Cretaceous (Bhalla, 1983; Chandler 
et. al., 1992). Thus, climate might have been an important factor in the production of 
compositionally mature, quartz rich sandstones. However, climate alone cannot 
produce quartz rich sands. This is evident by the quartz poor nature of fluvial and 
littoral Holocene sands from drainage basin in tropical high relief (Ruxton, 1970). 
Hence relief also plays an important role in the formation of quartz rich sandstone. A 
combination of low relief, hot humid climate and ample vegetation can produce 
quartz rich detritus (Franzinelli and Potter, 1983). Low relief provides prolonged 
residence time of sediments, thereby increasing the duration of chemical weathering 
thus enriching the sediments in stable quartz. 
The zircon-tourmaline-rutile index (Hubert, 1962) has been calculated to establish 
relative maturity of heavy minerals. Maturity index of heavy minerals are used to 
infer the relative change in climate, relief of source area and subsequent correlation of 
tectonic instability of the basin. The Z-T-R index obtained from study ranges from 43 
to 67, indicating low to moderate relief in the provenance (Mishra and Tiwari, 2005). 
Variation of ZTR index also indicates a manifestation of climatic changes in the 
source area (Tiwari and Yadav, 1993). The intense weathering in the humid climate 
causes the partial destruction of unstable species like hornblende; epidote etc. while 
mainly stable ones like zircon, tourmaline and rutile were transported to the basin. In 
cold and arid climate condition most of the unstable to semiunstable minerals are 
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Figure 17. Bivariant log/log plot for Jhurio Dome sandstones, 
Kuchchh Basin, according to Suttner and Dutta (1986). 
derived. Thus, the study shows that the climate changed from relatively colder and 
arid to warmer and humid upwards in the startigraphic column. 
DISTANCE OF TRANSPORTATION: The time gap between sediment production 
and their final deposition may be short or long. The processes of mechanical 
breakdown, abrasion, hydrodynamic sorting during transportation etc. result in 
compositional maturation of detritus into more quartzose detrital mode. The 
percentages of rock fragments, feldspar and polycrystalline quartz, all decrease with 
increase in transport distance and / or reworking (Blatt, 1967; Franzinelli and Potter, 
1983; Lucchi, 1985). A downstream change in composition of river gravels is long 
noted. Gravels can become compositionally mature in short distance of travel by rapid 
elimination of less durable components. However, the evidence concerning the 
selective elimination of minerals in sand range is ambiguous. Large stream show few 
or no change in mineral composition even during prolonged transport and whatever 
feeble changes occur are not the result of differential abrasion (Russel, 1939). There 
appears to be only a small loss of feldspar relative to quartz and no appreciable loss of 
feldspar in high gradient gravel carrying streams. 
The detrital minerals of Jhurio Dome sandstones are in the sand size range and 
derived from only few 100 km distance from the Aravalli Range situated east and 
northeast of the basin and Nagar Parkar massif situated north and northwest of the 
basin (Dubey and Chatterjee, 1997). Presence of large percentages of subangualr to 
subrounded grains indicate short transportation, however, these features may remain 
so even after a long distance of transportation (Pettijohn, 1975). Due to presence of 
small amount of feldspar and rock fragments in the studied sandstone, prolonged 
reworking and presence of high gradient stream can be envisaged within the basin. 
Though the detrital mineralogy of the Jhurio Dome sandstones appears to have been 
modified by paleoclimate and transportation, it has potential to reflect the nature of 
source rock composition. 
SOURCE ROCK COMPOSITION: The lithological composition of the rocks in the 
source area may be the most potent and dominating agent that affects the final 
sandstone composition (Krynine, 1948). Thus, composition of sandstone is mostly 
dependent in large measures on the composition of the source rock or rocks (Pettijohn 
et. al., 1987). A study of light and heavy mineral fractions of the sandstones is 
80 
important in interpreting the provenance cliaracter. Among tlie light minerals quartz is 
the dominant constituent and can be a good indicator of provenance. Krynine (1948) 
used quartz as guide to the provenance. His approach was based on grain shape, type 
of inclusion and extinctions (undulatory or non-undulatory). Applying this criterion, 
he discriminated igneous plutonic and metamorphic origins of monocrystalline quartz. 
Differences in inclusions and shape etc., of quartz in source rock are either absent or 
may show a wide range of variation, hence these criteria are usually difficult to apply 
(Bokman, 1952). The presence of non-undulatory (strain free) quartz is indicative of 
largely plutonic source (Blatt et. al, 1980). Predominance of undulatory quartz is 
indicative of plutonic and low rank metamorphic source (Basu et. al., 1975). They 
also point to tectonic disturbance in the depositional site (Blatt and Christie, 1963). 
Usefulness of polycrystalline or composite quartz in this respect has been emphasized 
by many authors (Voll, 1960; Blatt and Christie, 1963, Basu, 1985). Those showing 
two distinctly different sizes of crystals within a single polycrystalline grain are 
diagnostic of metamorphic quartz (Pettijohn et. al., 1987). A high ratio of 
polycrystalline quartz to total quartz also suggests a metamorphic source. Voll (1960) 
noted two types of polycrystalline quartz of metamorphic origin; i) polycrystalline 
quartz composed of polygonal grains with straight boundaries that tend to meet at 
120° angles ii) polycrystalline quartz which exhibit sutured boundaries. Basu et. al., 
(1975) used the criteria of undulosity and polycrystallinity in his studies and 
concluded that higher proportion of moderately to strongly undulose monocrystalline 
quartz grain (undulosity >5) and higher proportion of polycrystalline quartz in 
medium sand size is characteristics of metamorphic source. Plutonic rocks tend to 
provide non-undulose or weakly undulose (undulosity < 5) monocrystalline quartz 
and polycrystalline quartz grain with only two or three subgrains. Similar studies 
showing importance of different types of quartz in determining the provenance for 
detrital quartz populations have also been done by Young (1976) and Zuffa (1980). 
Feldspars, the second most common mineral in sandstones, make them suitable as 
provenance indicators. Being unstable, feldspar may, however, be selectively 
modified or removed from the detritus during weathering, transportation and 
diagenesis, resulting in decrease of their effectiveness as provenance indicator. They 
can be derived from different sources and show variation in their chemical 
composition and physical properties which have genetic implications. Generally, there 
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is decrease in K content in feldspar from volcanic to plutonic origin (Travena and 
Nash, 1981). Zoning in feldspar is also very important, the type of zoning or lack of it 
may provide a clue to the provenance of the feldspar (Pittman, 1963). Felspars are 
very sensitive to weathering process which requires suitable climate as well as proper 
length of time which in itself is determined by relief. The presence or absence of 
feldspars depends on the process of erosion and decomposition operating there. 
Therefore, detrital feldspar is an index of both climatic vigour and tectonism. 
Presence of mica in sandstone is suggestive of metamorphic provenance. Sandstones 
commonly contain rock particles of volcanicolithic, sedimentary (mainly peletic) and 
metamorphic origin (slate, phyllite, siltstone, schists, quartzite, gneiss etc.). They 
carry their own evidence of provenance (Bogg, 1968). Heavy minerals provide 
exceptionally useful clues to the nature of source rocks. Important contributions in 
this field are those of Krynine (1946); Vintage (1957); Faupl and Wagreich (1992) 
and Faupl et. al., (2002). 
The most abundant quartz in the Jhurio Dome sandstones is common quartz. It is 
mainly derived from granitic batholiths or granite-gneisses. The recrystallized 
metamorphic quartz indicates an origin from metaquartzites, highly metamorphosed 
granite and gneissic rocks. The stretched metamorphic quartz was probably, derived 
from granites, schists or quartz veins. To evaluate the relative importance of quartz 
grain types (Table - 9), a combined plot of polycrystalline quartz versus undulatory to 
non-undulatory monocrystalline quartz is prepared (Figure 18), following the 
technique of provenance discrimination diagram of Basu et. al., (1975). The data 
points fall in the plutonic field indicating a source area which may be the exposed 
roots of magmatic arcs or older crystalline basement. 
Presence of abundant microcline feldspar indicates granitic as well as pegmatitic 
source. Muscovite and biotite present in the Jhurio Dome sandstones may have been 
derived probably from granites, pegmatites or schists. Of this muscovite being more 
chemically stable, occurs more commonly. 
The presence of abundant opaque grains in these sandstones reflects their derivation 
from metamorphic rocks. The suite of heavy minerals including zircon, tourmaline, 
and rutile indicates igneous (plutonic) for these sediments. On the other hand the suite 
of heavy minerals including epidote, garnet and staurolite reflects metamorphic 
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Figure 18. Classification of Jhurio Dome sandstones, Kachchh 
Basin, according to Basu et al. (1975). 
source for these sediments. (Morton 1985; Wanas and Abdel-Maguid ,2006). Heavy 
minerals having rounded grains are indicative of the reworlced source for these 
sandstones. The study shows that there is distinct distribution pattern of heavies in the 
stratigraphic column. The opaque heavy minerals are dominant in the upper and 
middle sandstone members while the transparent heavy minerals are quite appreciable 
in the middle and lower sandstone members. On this basis, the heavies can be grouped 
into two distinct assemblages i) gamet-staurolite-homblende-epidote assemblage ii) 
zircon-tourmaline-rutile assemblage. The assemblages indicate that the sediments 
were derived from two different lithoiogical Precambrian terrain; one is dominated by 
metamorphic rocks and other is igneous (acid and basic), besides a little contribution 
from sedimentary source. 
From the above discussion, interpretation can be drawn that sediments of Jhurio 
Dome were derived from a variety of source rocks (mixed provenance) comprising 
granitic batholiths / igneous plutons, magmatic arc, granite-gneisses, pegmatites or 
schists, metaquartzites and quartz vein etc. 
DIAGENETICMODIFICATION: The detrital composition of sands may be altered 
by diagenetic processes, which must be taken into consideration, while making 
provenance interpretation (McBride, 1985). The diagenetic modifications include loss 
of detrital framework grains by dissolution, alteration of grains by replacement or 
recrystallization, and the loss of identity of certain ductile grains during compaction, 
which give rise to pseudomatrix. 
The presence of weathered feldspar grains as well as oversize pores indicates 
dissolution of detrital grains in the studied sandstones. The replacement of quartz 
grains by iron and carbonate in the studied sandstones suggest modification of the 
composition of the sandstones. The study of grain contacts of the sandstones 
indicates that the sandstones are subjected to compaction during burial and their 
original texture and fabric slightly modified by the process of compaction. 
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Table 9 - Types of quartz in the sandstones of the Jhurio Dome, 
Kachchh, Gujarat 
S.No. 
Non - Undulatory 
Monocrystalline 
Quartz 
Undulatory 
Monocrystalline 
Quartz 
Polycrstalline Quartz 
2 -3 crystals > 3 crystals 
Dhosa Sandstone Member 
BN72 
BN71 
BN70 
BN69 
BN68 
SN72 
SN71 
SN70 
SN69 
SN68 
KR48 
KR47 
KR46 
KR45 
KR44 
BR50 
BR49 
BR48 
BR47 
BR46 
Avg. 
81 
75 
81 
93 
79 
87 
91 
78 
83 
81 
89 
85 
74 
86 
84 
89 
87 
85 
82 
90 
84.00 
15 
18 
13 
7 
16 
9 
5 
17 
8 
15 
7 
9 
20 
9 
9 
8 
7 
8 
11 
7 
10.90 
4 
5 
4 
0 
3 
4 
2 
5 
5 
4 
3 
4 
3 
5 
3 
3 
2 
4 
4 
1 
3.40 
0 
2 
2 
0 
2 
0 
2 
0 
4 
0 
1 
2 
3 
0 
4 
0 
4 
3 
3 
2 
1.70 
Athleta Sandstone Member 
BN67 
BN66 
BN65 
BN64 
BN63 
SN67 
SN66 
SN65 
SN64 
SN63 
KR43 
KR42 
KR41 
KR40 
KR39 
86 
91 
87 
80 
86 
82 
85 
81 
88 
84 
87 
90 
79 
85 
86 
9 
7 
11 
14 
13 
13 
10 
15 
9 
8 
8 
6 
19 
8 
12 
3 
2 
2 
3 
1 
3 
1 
2 
0 
4 
3 
1 
2 
4 
2 
2 
0 
0 
3 
0 
2 
4 
2 
3 
4 
2 
3 
0 
3 
0 
90 
Avg. 85.13 10.80 2.20 1.87 
Ridge Sandstone Member 
BN62 
BN61 
BN60 
BN59 
BN58 
SN62 
SN61 
SN60 
SN59 
SN58 
KR38 
KR37 
KR36 
KR35 
KR34 
BR45 
BR44 
BR43 
BR42 
BR41 
Avg. 
79 
89 
84 
90 
85 
81 
85 
84 
82 
86 
83 
91 
89 
78 
87 
81 
85 
86 
80 
89 
84.70 
15 
3 
11 
6 
9 
14 
10 
12 
10 
8 
13 
5 
8 
16 
9 
14 
10 
8 
16 
7 
10.20 
3 
4 
2 
3 
2 
3 
2 
3 
4 
3 
2 
3 
1 
3 
1 
3 
1 
3 
3 
2 
2.55 
3 
4 
3 
1 
4 
2 
3 
1 
4 
3 
2 
1 
2 
3 
3 
2 
4 
3 
1 
2 
2.55 
Purple Sandstone Member 
BN43 
BN42 
BN41 
BN40 
BN39 
SN48 
SN47 
SN46 
SN45 
SN44 
KR26 
KR25 
KR24 
KR23 
KR22 
KR21 
KR20 
KR19 
KR18 
KR17 
91 
89 
83 
95 
88 
85 
92 
88 
94 
93 
89 
84 
90 
94 
90 
80 
87 
78 
90 
84 
5 
9 
12 
0 
4 
10 
3 
11 
3 
2 
7 
12 
8 
1 
3 
13 
11 
19 
6 
11 
2 
1 
3 
2 
3 
2 
2 
1 
2 
2 
1 
2 
0 
2 
3 
3 
0 
3 
2 
2 
2 
1 
2 
3 
5 
3 
3 
0 
1 
3 
3 
2 
2 
3 
4 
4 
2 
0 
2 
3 
91 
BR33 
BR32 
BR31 
BR30 
BR29 
Avg. 
79 
92 
89 
90 
87 
88.04 
18 
5 
8 
6 
7 
7.76 
2 
1 
2 
2 
3 
1.92 
1 
2 
1 
2 
3 
2.28 
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CHAPTER-VI 
PETROFACIES AND TECTONO-PROVENANCE 
The intent of sedimentary provenance studies is to reconstruct and to interpret the 
history of sediment from the initial erosion of parent rocks to the final burial of their 
detritus, i.e., to unravel the line of descent or lineage of the sediment under 
investigation (Weltje and Eynatten, 2004). One of the means to analyze the character 
of the provenance is the petrographic study of clastic rocks which in tern is control by 
tectonic setting. u 
Clastic sediments are made up of two types of materials; detrital grains, which are the 
residues of weathered parent rocks and fine-grained sediments, which are composed 
of clay minerals from weathered unstable minerals. Chemical alteration and 
mechanical breakdown of source rocks, modifications by recycling, transport, mixing, 
deposition, diagenesis etc., control the compositional and textural characteristics of 
the detrital grains. Naturally final properties of the sediments, therefore, essentially 
bear the signature of the parent lithology along with the entire process of modification 
that the sediments had gone through. Fine-grained sediments undergo 
mechanical/chemical modification and decompose into individual mineral grains. 
Therefore they often fail to give information about pre-modification processes. But 
detrital grains are capable of preserving that information which can be analyzed to 
estimate their source and the initial tectonic setting. Therefore, source and tectonic 
setting of sandstones can be determined by detrital modes (framework mineral 
composition). The process was first proposed by Crook (1974) which was later 
modified by Dickinson et. al., (1983) and others. 
PETROFACIES 
Petrofacies, as defined by Dickinson and Rich (1972), implies detrital composition of 
sandstone and its significance to regional tectonic framework and contemporary 
tectonic activity in the source and depositional areas. Petrofacies analysis can furnish 
vital clues regarding the provenance and its tectonic setup, source rock composition, 
role of climate, relief, transport and diagenesis (Dorsey, 1988; Critelli and Ingersoll, 
1994; Pandita, 1996). In turn these clues can be applied to interpret correctly the 
tectono-sedimentary evolution of geoprovince and its sedimentary cover (Schwab, 
1981; Dickinson et. al., 1983; Mack, 1984; Graham et. al., 1993; Cox and Lowe, 
1995). 
Many studies have pointed to an intimate relationship between detrital sand 
composition and tectonic setting (Crook, 1974; Ingersoli, 1978; Potter, 1978; 
Dickinson and Suczek, 1979; Ingersoli and Suczek, 1979; Dickinson and Valloni, 
1980; Schwab, 1981; Valloni and Mezzardi, 1984; Bhatia, 1985; Dickinson, 1985; 
Bhatia and Crook, 1986; Schwab, 1986; Garzanti, 1986; DeCelles and Hertel, 1989; 
Akhtar and Ahmad, 1991; Cox and Lowe, 1995; Arribus et. al., 2003; Ahmad and 
Bhat, 2006; Ahmad et. al., 2006; Ahmad et. al., 2008). 
The proportions of detrital framework grains plotted on triangular diagram provides 
effective discrimination of a variety of plate-tectonic settings and have been used as a 
powerful tool for determining the origin and tectonic reconstruction of terrigenous 
deposits (Graham et. al., 1976; Dickinson, 1985). But, sometimes, correlation 
between tectonic setting and sandstone petrofacies does not hold good due to various 
factors that influence the detrital mineralogy of sandstones. (Ingersoli, 1990; Johnson, 
1993). The tropical warm and humid climate aided by low relief is the most effective 
agent of modification of original detrital composition by intense chemical weathering, 
(Basu, 1985; Girty, 1991). Other modifying agents are sediment transport across 
tectonic boundaries and their deposition in tectonically alien basin (Velbel, 1985; 
Lucchi, 1985), varying tectonic style at provenance and mixing from two sources 
(Ingersoli, 1990), sediment recycling (Cox and Lowe, 1995), sediment reworking in 
depositional environment (Espejo and Gamundi, 1994) and diagenesis (McBride, 
1985). These must be taken into account at the time of interpreting provenance and 
tectonic settings (Mack, 1984; Zuffa, 1985; Ingersoli, 1990). Hence, it is necessary to 
synthesize the petrofacies for a logical identification of tectono-provenance. 
Dickinson (1985) classified sandstones on the basis of their characteristic petrofacies, 
which is primarily controlled by the tectonic setting of their provenance. He used 
detrital modes of 88 sandstone suites, which reflect different tectonic settings of 
provenance terrains, and grouped the provenance related to continental sources, into 
four major types: 
• Stable cratons 
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• Basement uplifts 
• Magmatic arcs 
• Recycled orogens 
Continental blocks are tectonically consolidated regions composed essentially of 
amalgamations of ancient orogenic belts that have been eroded to their deep seated 
roots and lack any relict genetic relief (Dickinson, 1985). The main source for craton-
derived quartzose sands are low lying granitic and gneissic exposures of the shield 
areas, supplemented by recycling of associated flat-lying platform sediments 
(Dickinson and Suczek, 1979). The sands either accumulate as platformal successions 
deposited within intracratonic basin or transported to passive continental margin and 
the craton flanks of foreland basins. Fault bounded basement uplifts along incipient 
rift belts and transform ruptures within continental blocks shed arkosic sands mainly 
into adjacent linear troughs or local pull apart basins. Similar detritus can be derived 
from basement uplifts within broken foreland provinces and from eroded plutons in 
deeply dissected magmatic arcs. Magmatic arcs are belts of positive relief composed 
dominantly of penecontemporaneous association of orogenic volcanic and plutonic 
igneous rocks, together with associated metamorphic wallrocks, produced by 
continuing subduction along arc-trench system. The most characteristic sands derived 
from active magmatic arc are volcanoclastic materials erupted and eroded from 
stratovolcano chains and associated ignimbrite plateaus. Arc derived debris is 
typically deposited in forearc or interarc basins, but may also reach foreland basins 
locally. Recycled orogens include the deformed and uplifted supracrustals strata, 
dominantly sedimentary but also volcanic in part, exposed in varied fold thrust belts 
of orogenic regions. 
In the present study, the detrital minerals of Jhurio Dome sandstones were studied for 
the purpose of interpreting their provenance and plate tectonic setting. Dickinson's 
(1985) classification scheme for sandstone has been employed for this purpose. The 
detrital modes were recalculated to 100 percent as the sum of Qt, Qm, Qp, F, P, K, L, 
Lt, Lv and Ls (Table - 10). The intrabasinal grains are ignored (Zuffa, 1980). The 
percentages of heavy minerals are ignored because their different response to 
hydrodynamic and geochemical influences makes their volumetric distribution so 
variable. Extrabasinal carbonate grains or detrital limeclast (Lc) are not recalculated 
95 
with other lithic fragments because of their vastly different geochemica! response 
during weathering and diagenesis, as well as the ease of confusion with intrabasinal 
carbonate grains (intraclast, bioclast, oolites, peloids). 
Four triangular diagrams of Dickinson (1985); Qt-F-L, Qm-F-Lt, Qp-Lv-Ls and Qm-
P-K (Table - 11) were used for the present study. Both Qt-F-L and Qm-F-Lt plots 
show full grain populations, but with different emphasis. In Qt-F-L plot, where all 
quartzose grains are plotted together, the emphasis is on grain stability, and thus on 
weathering, provenance relief, and transport mechanism as well as source rock; while 
in Q.m-F-Lt, where all lithic fragments are plotted together, the emphasis is shifted 
towards the grain size of source rock, because fine-grained rocks yield more lithic 
fragments in the sand-size range. The Qp-Lv-Ls and Qm-P-K plots show only partial 
grain populations, but reveal the character of polycrystalline and monocrystalline 
components of the framework, respectively. 
Plot of the recalculated values revealed that most of the samples of the Jhurio Dome 
sandstones fall in continental block provenance field in Qt-F-L plot (Figure 19) 
suggesting contribution from the craton interior with basement uplift. One sample fall 
in the recycled orogen provenance which suggests their derivation from 
metasedimentary and sedimentary rocks that were originally deposited along former 
passive continental margins (Dickinson and Suczek, 1979; Dickinson 1985). The Qm-
F-Lt (Figure 20) plot shows that the samples fall in continental block provenance with 
little contribution from the recycled orogen provenance. Nevertheless, such 
provenance determination has to be considered with caution, because of the changes 
in the original composition which may be caused during transportation and 
diagenesis, leading to modification in the Qt-F-L plot (McBride, 1985). The above 
two plots give clear evidence that although the sands contained larger amount of lithic 
fragments but the same has been removed by weathering and subsequent destruction 
during transportation and final deposition within the basin. The Qp-Lv-Ls plot, 
(Figure 21) which is based on rock fragments population reveals that the source lies in 
rifted continental margin, collision suture and fold thrust belt. In the Qm-P-K (Figure 
22) diagram, the data lie in the continental block provenance reflecting maturity of 
sediments and stability of source area. 
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I-C 
Qt 
F L 
• Dhosa Sandstone Mb. Athleta Sandstone Mb. 
• Ridge Sandstone Mb. • Purple Sandstone Mb. 
Figure 19. Qt-F-L plot of Jhurio Dome sandstones, according 
to Dickinson (1985) 
Qm 
£ J->P 
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l-B 
IV 
l-C lll-A 
ll-B 
-B ll-C 
lll-C 
F Lt 
• Dhosa Sandstone Mb. Athleta Sandstone Mb. 
• Ridge Sandstone Mb. • Purple Sandstone Mb. 
Figure 20. Qm-F-Lt plot of Jhurio Dome sandstones, according 
to Dickinson (1985) 
Lv Ls 
• Dhosa Sandstone Mb. 
• Ridge Sandstone Mb. 
Athleta Sandstone Mb. 
• Purple Sandstone Mb. 
Figure 21. Qp-Lv-Ls plot of Jhurio Dome sandstones, according 
to Dickinson (1985) 
Qm 
K 
• Dhosa Sandstone Mb. 
• Ridge Sandstone Mb. 
Athleta Sandstone Mb. 
• Purple Sandstone Mb. 
Figure 22. Qm-P-K plot of Jhurio Dome sandstones, according 
to Dickinson (1985) 
Table 10 - Classification and symbols of grain types and legend to petrofacies 
field (after Dickinson, 1985). 
A. Quartzose Grain (Qt = Qm + Qp) 
Qt = Total quartz grain 
Qm = Monocrystalline quartz 
Qp = Polycrystalline quartz 
B. Feldspar grain (F = P + K) 
F = Total feldspar grains 
P = Plagioclase grains 
K = K-feldspar grains 
C. Unstable lithic fragments (L = Lv + Ls) 
L = Total unstable lithic fragments 
Lv = Volcanic/metavolcanic lithic fragments. 
Ls = Sedimentary/metasedimentary fragments. 
D. Total lithic fragments : (Lt = L + Qp) 
Lc = Extrabasinal detrital lime clast (not included in L or Lt) 
Legend to Petrofacies Fields 
In plot A and B: Continental Block (I); lA-Craton Interior, IB- Transitional 
Continental, IC- Basement Uplift. Recycled orogen (II); IIA- Quartzose, IIB 
Transitional, IIC- Lithic. Magmatic Arc (III); IIIA- Dissected, IIIB- Transitional, 
IIIC- undissected, IV-Mixed. 
In plot C. I- Rifted Continental Margin, II- Subduction Complex, III- Collision Suture 
and Fold Thrust Belt, IV- Arc Orogen, 
In plot D. I- Circum-Pacific Volcano Plutonic Suites, the arrow indicates maturity/ 
stability from continental block provenance. 
TECTONO - PROVENANCE 
The plots of Jhurio Dome sandstones on Qt-F-L and Qm-F-Lt diagrams suggest that 
the detritus of the sandstones were derived from the granite-gneisses exhumed in the 
craton interior and low to high-grade metamorphosed supracrustals forming recycled 
orogen provenance, thereby suggesting derivation of the sandstones from stable parts 
of the craton, with perhaps an equal contribution from recycled orogens, shedding 
quartzose debris of continental affinity into the basin (Dickinson et. al., 1983). The 
Qp-Lv-Ls plot reveals the source in rifted continental margin, collision suture and 
fold thrust belt. In the Qm-P-K diagram, the data lie in the continental block 
provenance reflecting maturity of sediments and stability of source area. This may 
have stemmed from very long period of tectonic quiescence and mature 
geomorphology of the area. 
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The relative abundance of monocrystalline quartz to that of polycrystalline quartz in 
the studied sandstone appears to reflect the maturity of the sediments, because 
polycrystalline quartz is eliminated by recycling and disintegrates in the zone of 
weathering as does strained quartz (Basu, 1985). The occurrence of small percentage 
of feldspar and lithic fragments in the studied sandstone may be attributed to the fact 
that they are lost in the soil profile in warm, humid climate with low relief or by 
abrasion during transit or lost in solution during diagenesis. However, occurrence of 
weathered and fresh feldspars together indicates derivation from two different 
sources. High quartz content and high ratio of K-feldspar to plagioclase also suggest 
intense weathering on craton with low relief and transport across continental surface 
having low relief (Dickinson and Suczek, 1979). It can, therefore, be inferred that 
Jhurio Dome sandstones were derived from continental block provenance of low 
relief witnessing a warm tropical climate. 
The Indian plate witnessed a widespread tectonic activity during Mesozoic Era. The 
important events associated with this include breaking up of the Indian plate from the 
Gondwanaland in the Late Traissic - Early Jurassic, its northward drift during Late 
Jurassic - Early Cretaceous followed by its collision with the Asian plate in Early 
Tertiary period. These events played an important role in the development and 
evolution of the western margin basins of the Indian Plate. These are represented by 
the Kachchh, Cambay and Narmada basins. Biswas (1987, 2002) has studied in detail 
the tectonic evolution of these basins. These basins were formed by rifting along 
Precambrian tectonic trends and evolved in four stages. An interplay of three major 
Precambrian tectonic trends of western India, Dharwar (NNW-SSE), Aravalli-Delhi 
(NE-SW) and Satpura (ENE-WSW), controlled the tectonic style of the basin. 
Kachchh basin opened up in Early Jurassic along the Delhi trend followed by Cambay 
basin in Early Cretaceous along the Dharwar trend and Narmada basin in Late 
Cretaceous along the Satpura Trend. 
Kachchh basin formed due to rifting during Late Triassic breakup of Gondwanaland 
and is bounded by Nagar Parkar fault in the north, Radhanpur Barmer Arch in the east 
and North Kathiawar uplift in the south. The rift is styled by three main uplifts along 
three master faults with intervening half-grabens. The rift expanded from north to 
south by successive reactivation of primordial faults of Mid-Proterozoic Delhi fold 
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belt. The rift evolution and synrift sedimentation continued till Early Cretaceous as 
Indian plate drifted northward along an anticlockwise path. The rifting was aborted by 
the trailing edge uplift during Late Cretaceous pre-coilision stage of the Indian plate. 
During post-collision compressive regime of the Indian plate, the Kachchh rift basin 
became a shear zone with convergent strike slip movements along sub-parallel rift 
faults. 
Fault bounded basement uplifts along incipient rift within continental blocks shed 
quartzo-feldspathic sands that accumulate in the adjacent linear troughs (Dickinson 
and Suczek, 1979; Dickinson, 1985). In such tectonic settings a spectrum of lithic 
poor quartzo-feldspathic sands form a roughly linear array on Qt-F-L and Qm-F-Lt 
diagrams linking these sands with craton derived quartzose sands that plot near the Qt 
and Qm poles. However, Qm-F-Lt plot of the Jhurio Dome sandstones show that 
some samples plot in the transition zone between the facies of continental block and 
recycled orogenic provenances. The basement uplift may shed sands having affinity 
with detritus derived from recycled orogens provided erosion has been insufficient to 
remove the cover rocks overlying basement (Mack, 1984). This may explain the false 
signatures of recycled orogen provenances in the case of Jhurio Dome sandstones. 
The provenance for Jhurio Dome sandstones is believed to be weathered parts of the 
present day Aravalli Range situated northeast, east and southeast of the basin and 
Nagar Parkar massif situated north and northwest of the basin. This is indicated by 
sand dispersal pattern studied by various workers (Balagopal & Srivastava, 1975; 
Dubey and Chatterjee, 1997; Ahmad et. al., 2008). 
Therefore, from the foregoing discussion and considering the analysis of data plotted 
on different diagrams, an attempt can be made to reconstruct a plate-tectonic model 
for the tectonic setting of Jhurio Dome sandstones within Kachchh basin. An incipient 
rift developed during Late Triassic - Early Jurassic time within the Precambrian 
granite-gneiss and schist which formed the basement. These rocks were weathered 
under relatively warm and humid climate, which destroyed most of the feldspar and 
other labile constituents. Thus quartz rich detritus were shed into the Kachchh rift. 
The relief of the provenance was low and erosion processes were not strong enough to 
remove the cover rocks from the basement. 
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Table 11 - Percentages of framework modes of the sandstones of Jhurio Dome, Kachchh, 
Gujarat, (based on classification of Dickinson, 1985) 
S.No. Qt F L Qm F Lt Qp Lv Ls Qm F K 
Dhosa Sandstone Member 
BN72 
BN71 
BN70 
BN69 
BN68 
SN72 
SN71 
SN70 
SN69 
SN68 
KR48 
KR47 
KR46 
KR45 
KR44 
BR50 
BR49 
BR48 
BR47 
BR46 
Avg. 
81.87 
86.46 
92.05 
83.00 
90.76 
83.31 
91.80 
93.97 
88.20 
89.39 
88.95 
85.61 
89.44 
83.60 
93.32 
89.32 
88.34 
84.22 
82.99 
92.04 
87.93 
15.72 
6.32 
5.03 
13.45 
8.35 
13.74 
4.96 
4.32 
9.23 
8.70 
9.03 
9.45 
7.41 
12.49 
4.73 
7.90 
8.42 
10.78 
13.16 
4.59 
8.89 
2.41 
7.22 
2.92 
3.55 
0.89 
2.95 
3.24 
1.71 
2.57 
1.91 
2.02 
4.94 
3.15 
3.91 
1.95 
2.77 
3.24 
5.00 
3.85 
3.37 
3.18 
77.87 
83.68 
92.05 
83.00 
81.00 
79.99 
89.40 
90.95 
88.20 
81.99 
83.57 
82.88 
82.00 
80.58 
86.99 
84.82 
81.00 
79.23 
80.14 
90.91 
84.01 
15.72 
6.32 
5.03 
13.45 
8.35 
13.74 
4.96 
4.32 
9.23 
8.70 
9.03 
9.45 
7.41 
12.49 
4.73 
7.90 
8.42 
10.78 
13.16 
4.59 
8.89 
6.41 
10.00 
2.92 
3.55 
10.65 
6.28 
5.64 
4.73 
2.57 
9.31 
7.40 
7.67 
10.60 
6.93 
8.28 
7.28 
10.58 
9.99 
6.70 
4.50 
7.10 
62.32 
27.80 
0.00 
0.00 
91.64 
53.04 
42.55 
63.83 
0.00 
79.46 
72.75 
35.59 
70.28 
43.60 
76.45 
61.88 
69.38 
49.95 
42.54 
25.06 
48.41 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
37.68 
72.20 
100.00 
100.00 
8.36 
46.96 
57.45 
36.17 
100.00 
20.54 
27.25 
64.41 
29.72 
56.40 
23.55 
38.12 
30.62 
50.05 
57.46 
74.94 
51.59 
83.20 
92.98 
94.82 
86.05 
90.65 
85.34 
94.74 
95.46 
90.53 
90.40 
90.24 
89.76 
91.72 
86.58 
94.84 
91.48 
90.58 
88.02 
85.89 
95.19 
90.42 
2.10 
0.00 
0.00 
1.04 
1.78 
0.87 
1.17 
0.00 
0.93 
1.83 
1.59 
0.73 
0.00 
2.13 
0.99 
1.41 
1.12 
0.00 
1.63 
0.59 
1.00 
14.70 
7.02 
5.18 
12.91 
7.57 
13.79 
4.09 
4.54 
8.54 
7.77 
8.17 
9.51 
8.28 
11.29 
4.16 
7.11 
8.30 
11.98 
12.48 
4.21 
8.58 
Athleta Sandstone Member 
BN67 
BN66 
BN65 
BN64 
BN63 
SN67 
SN66 
SN65 
SN64 
87.18 
85.49 
81.41 
78.07 
89.72 
91.89 
85.17 
84.73 
83.08 
9.39 
10.17 
13.19 
16.85 
5.85 
5.79 
11.55 
11.42 
12.95 
3.43 
4.34 
5.40 
5.08 
4.43 
2.32 
3.28 
3.84 
3.97 
84.72 
83.25 
72.54 
73.00 
87.07 
87.32 
81.67 
76.45 
76.49 
9.39 
10.17 
13.19 
16.85 
5.85 
5.79 
11.55 
11.42 
12.95 
5.89 
6.58 
14.27 
10.15 
7.08 
6.89 
6.78 
12.12 
10.56 
50.31 
34.00 
71.88 
49.95 
57.42 
66.33 
61.62 
73.76 
74.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
49.69 
66.00 
28.12 
50.05 
42.58 
33.67 
38.38 
26.24 
25.20 
90.03 
89.11 
84.61 
81.25 
93.71 
93.78 
87.61 
87.00 
85.52 
0.60 
0.00 
1.67 
2.34 
0.64 
1.07 
1.89 
1.46 
1.74 
9.38 
10.89 
13.72 
16.42 
5.65 
5.14 
10.50 
11.54 
12.73 
100 
SN63 
KR43 
KR42 
KR4I 
KR40 
KR39 
Avg. 
89.77 
90.11 
88.87 
88.41 
88.16 
90.60 
86.84 
Ridge Sandsto 
BN62 
BN61 
BN60 
BN59 
BN58 
SN62 
SN61 
SN60 
SN59 
SN58 
KR38 
KR37 
KR36 
KR35 
KR34 
BR45 
BR44 
BR43 
BR42 
BR41 
Avg. 
93.65 
85.23 
82.62 
80.46 
90.12 
89.00 
85.58 
81.73 
80.20 
90.39 
90.15 
84.52 
88.81 
89.01 
91.16 
83.93 
86.61 
92.55 
87.56 
91.49 
87.24 
Purple Sandsto 
BN43 
BN42 
BN41 
BN40 
BN39 
SN48 
89.22 
91.81 
90.75 
99.00 
95.49 
91.72 
5.63 
8.09 
7.74 
8.59 
9.42 
6.83 
9.56 
neMem 
4.41 
11.56 
12.66 
13.93 
5.48 
7.76 
9.29 
12.33 
16.15 
5.49 
5.41 
12.12 
8.13 
5.73 
5.68 
12.53 
9.37 
4.28 
9.86 
5.22 
8.87 
ne Mem 
4.97 
5.25 
6.43 
1.00 
2.12 
6.52 
4.59 
1.80 
3.39 
3.00 
2.42 
2.58 
3.59 
86.01 
86.34 
81.98 
84.63 
84.22 
80.17 
81.72 
)er 
1.94 
3.21 
4.72 
5.61 
4.40 
3.24 
5.13 
5.94 
3.65 
4.12 
4.44 
3.36 
3.06 
5.26 
3.16 
3.54 
4.02 
3.17 
2.57 
3.29 
3.89 
89.76 
80.34 
72.83 
75.87 
85.63 
84.59 
85.03 
74.85 
75.15 
86.32 
87.24 
79.09 
85.65 
83.80 
81.01 
76.00 
80.71 
86.45 
80.07 
85.33 
81.79 
ber 
5.82 
2.94 
2.82 
0.00 
2.40 
1.76 
82.25 
89.89 
87.79 
99.00 
92.66 
87.67 
5.63 
8.09 
7.74 
8.59 
9.42 
6.83 
9.56 
4.41 
11.56 
12.66 
13.93 
5.48 
7.76 
9.29 
12.33 
16.15 
5.49 
5.41 
12.12 
8.13 
5.73 
5.68 
12.53 
9.37 
4.28 
9.86 
5.22 
8.87 
4.97 
5.25 
6.43 
1.00 
2.12 
6.52 
8.36 
5.57 
10.28 
6.78 
6.36 
13.01 
8.71 
5.83 
8.10 
14.51 
10.20 
8.89 
7.65 
5.68 
12.82 
8.70 
8.19 
7.36 
8.79 
6.22 
10.47 
13.31 
11.47 
9.92 
9.27 
10.07 
9.46 
9.35 
12.79 
4.86 
5.78 
0.00 
5.23 
5.81 
49.73 
67.75 
72.99 
69.23 
61.97 
84.99 
63.12 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
66.78 
65.29 
67.50 
52.04 
50.51 
65.13 
9.68 
62.23 
58.05 
67.38 
58.38 
75.24 
70.22 
53.08 
81.66 
72.89 
75.68 
78.51 
86.00 
71.80 
64.40 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
64.66 
39.51 
60.29 
0.00 
64.30 
69.67 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
50.27 
32.25 
27.01 
30.77 
38.03 
15.01 
36.88 
93.85 
91.43 
91.37 
90.79 
89.94 
92.15 
89.48 
33.22 
34.71 
32.50 
47.96 
49.49 
34.87 
90.32 
37.77 
41.95 
32.62 
41.62 
24.76 
29.78 
46.92 
18.34 
27.11 
24.32 
21.49 
14.00 
28.20 
35.60 
95.32 
87.42 
85.19 
84.49 
93.99 
91.59 
90.15 
85.85 
82.31 
94.02 
94.16 
86.72 
91.33 
93.60 
93.45 
85.85 
89.59 
95.28 
89.03 
94.24 
90.18 
35.34 
60.49 
39.71 
0.00 
35.70 
30.33 
94.31 
94.48 
93.18 
99.00 
97.77 
93.07 
0.74 
0.52 
1.52 
0.41 
0.44 
0.00 
1.00 
0.70 
1.82 
1.31 
0.91 
0.00 
0.70 
0.00 
1.42 
1.48 
0.59 
0.56 
1.57 
0.69 
0.00 
0.00 
2.13 
1.95 
0.84 
1.51 
0.00 
0.91 
0.99 
0.00 
0.00 
0.00 
0.00 
0.98 
5.41 
8.05 
7.11 
8.81 
9.62 
7.85 
9.52 
3.99 
10.76 
13.50 
14.60 
6.01 
7.71 
9.85 
12.72 
16.21 
5.39 
5.28 
11.71 
7.98 
6.40 
6.55 
12.02 
8.46 
3.88 
9.45 
5.76 
8.91 
4.71 
5.52 
6.82 
1.00 
2.23 
5.94 
101 
SN47 
SN46 
SN45 
SN44 
KR26 
KR25 
KR24 
KR23 
KR22 
KR2I 
KR20 
KR19 
KR18 
KR17 
BR33 
BR32 
BR31 
BR30 
BR29 
Avg. 
95.15 
94.44 
98.11 
97.59 
93.30 
97.68 
91.41 
94.34 
93.68 
87.58 
89.35 
95.18 
86.71 
91.76 
93.80 
93.06 
93.83 
96.21 
94.74 
93.44 
3.96 
2.44 
1.89 
1.66 
3.98 
2.32 
6.08 
4.77 
5.09 
9.07 
4.97 
3.58 
9.75 
5.73 
4.63 
6.30 
4.60 
3.11 
3.80 
4.56 
0.89 
3.12 
0.00 
0.75 
2.72 
0.00 
2.51 
0.89 
1.23 
3.35 
5.68 
1.24 
3.54 
2.51 
1.57 
0.63 
1.58 
0.68 
1.46 
2.00 
89.93 
92.27 
94.08 
95.89 
87.91 
92.26 
85.80 
90.40 
89.19 
80.85 
81.74 
89.45 
83.33 
81.78 
87.10 
89.68 
90.27 
94.96 
91.81 
89.12 
3.96 
2.44 
1.89 
1.66 
3.98 
2.32 
6.08 
4.77 
5.09 
9.07 
4.97 
3.58 
9.75 
5.73 
4.63 
6.30 
4.60 
3.11 
3.80 
4.56 
6.11 
5.29 
4.03 
2.45 
8.11 
5.42 
8.13 
4.83 
5.72 
10.08 
13.29 
6.97 
6.92 
12.49 
8.27 
4.02 
5.14 
1.93 
4.39 
6.32 
85.43 
48.22 
100.00 
69.55 
86.71 
100.00 
75.24 
81.57 
100.00 
79.15 
59.41 
82.25 
53.99 
83.51 
81.02 
84.21 
81.38 
64.77 
100.00 
72.59 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
14.57 
51.78 
0.00 
30.45 
13.29 
0.00 
24.76 
18.43 
0.00 
20.85 
40.59 
17.75 
46.01 
16.49 
18.98 
15.79 
18.62 
35.23 
0.00 
23.41 
95.78 
97.42 
98.04 
98.30 
95.67 
97.55 
93.39 
94.99 
94.60 
89.91 
94.27 
96.15 
89.53 
93.45 
94.95 
93.43 
95.16 
96.83 
96.03 
95.09 
0.95 
0.00 
0.00 
0.00 
0.82 
0.00 
1.38 
0.69 
0.78 
1.38 
0.00 
0.00 
0.37 
0.00 
1.71 
0.45 
0.55 
0.00 
0.00 
0.44 
3.27 
2.58 
1.96 
1.70 
3.51 
2.45 
5.23 
4.32 
4.61 
8.71 
5.73 
3.85 
10.11 
6.55 
3.34 
6.12 
4.29 
3.17 
3.97 
4.47 
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DIAGENESIS OF SANDSTONE 
Von Guembel (1868) was the first to visualize a set of transformations, independent 
of metamorphism, which change freshly deposited sediments into compact hard rock. 
It was termed as "diagenesis". Diagenesis includes "all physicochemical, biochemical 
and physical processes modifying sediments between deposition and lithification at 
low temperatures and pressures characteristic of surface and near-surface 
environments" (Chilingarian et. al., 1967). The principal diagenetic processes include 
compaction, cementation, authigenesis, recrystallization, replacement and 
metasomatism. Diagenesis in clastic rocks is governed by many factors such as 
mineralogy, temperature, pressure, water composition, flow rates, dissolution and 
precipitation kinetics, availability of nucleation sites, porosity and permeability. 
Diagenesis is also controlled by factors such as texture, detrital composition, 
environment of deposition and associated lithoiogy (Buriey et. ai., 1985; Morad et. al., 
2000). Locally, the diagenesis is controlled by the migration of fluids and chemical 
potential of the system whilst on a regional scale, tectonic setting of the basin, 
geothermal gradient, rate and extent of deposition and basin subsidence play a 
significant role. Freshly deposited sand is a porous, non-equilibrium mixture of 
detrital minerals. Diagenetic processes tend to bring them towards equilibrium with 
the prevailing physio-chemical conditions. This is achieved by reduction of porosity 
through compaction and precipitation of stable authigenic cements or grains. 
For sandstone, the processes can be classified into two broad categories - physical 
and chemical diagenesis. Both these processes operate simultaneously in response to 
the surrounding stress field in order to restore chemical equilibrium. The physical 
diagenesis of the freshly deposited sand results in compaction of the sediments and 
pore volume reduction due to pressure. At the sediment water interface and at shallow 
level of burial, physical compaction takes place by the process of grain rearrangement 
by rotation, slippage, ductile deformation and grain fracturing without dissolution at 
grain contacts (Houseknecht, 1987). Continued physical compaction results in the 
increase in number of contacts per grain, which passes into a regime of chemical 
compaction characterized by intergranular pressure solution, after considerable depth 
of burial. The increased geotliermal gradient and pressure results in dissolution of 
grain contacts and change their nature from point to long and interpenetrative 
contacts. The chemical diagenesis includes reaction leading to chemical dissolution, 
corrosion and cementation. These reactions may start just after the deposition of sand 
and are controlled by oxidation and reduction at sediment water/atmosphere interface. 
Chemical potential of sediments and pore water chemistry plays an important role in 
the removal of various unstable phases and precipitation of new stable phases in 
diagenetic regime. The cementation process leads towards the precipitation of new 
minerals on the grains and into the voids from the pore fluids (saturated with silica, 
carbonate, iron oxide or clay minerals). The process of cementation results in loss of 
porosity as it occludes the pore spaces but is reversible in contrast to loss by 
compaction, which is irreversible. 
The relationship between diagenesis and reservoir is well documented and much of 
our knowledge about sandstone diagenesis has benefitted from studies involving 
reservoir property evaluation and quality prediction (Wilson, 1994; Primmer et. al., 
1997; Jeans, 2000). Therefore, reservoir quality assessment can benefit from refined 
understanding of potential controls on diagenesis including framework grain 
composition / provenance (De Ros et. al., 1994; Bloch, 1994; De Souza et. al., 1995; 
Nentwich and Yole, 1997; Ramm, 2000), paleoclimate (Worden et. al., 2000) and 
depositional environment (Fuchtbauer, 1983; Lowry and Jacobsen, 1993; Bloch and 
McGowen, 1994; McKay et. al., 1995; Hamlin et. al., 1996; Bailey et. al., 1998; Dos 
Anjos et. al., 2000; Hiatt and Kyser, 2000; Rossi et. al., 2001). 
The present diagenetic study of the Jhurio Dome sandstones mainly focuses on 
compaction, porosity reduction and cementation. Compaction is the process of 
volume reduction expressed either as a percentage of the original voids present or of 
the original bulk volume. Although compaction affects mainly loose, unlithified 
sediments, the process may also have profound influences on well-cemented deposits 
as indicated by stylolitic contacts. The intergranular pore spaces of clastic sediments 
are eliminated by closer packing, crushing, deformation, expulsion of fluids and 
possibly by dissolution of grains. The rate of compaction and the decrease in porosity 
and permeability, as well as the rate of expulsion of fluids are believed to change with 
time, both vertically and horizontally in sedimentary basins. The chemical 
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precipitation of cements in the frameworlc of sedimentary deposits is dependent on a 
supply of chemical elements by intrastratal solutions, usually moving solutions. An 
understanding of the process of compaction and lithification is required in the study of 
diagenesis in order to determine the direct influences of compaction and cementation 
as well as the time relationship between compaction and lithification. 
METHODOLOGY 
The present study is based on 80 sandstone samples which were cut into standard 
petrographic thin-sections. They were stained with cobaltinitrate for potassium 
feldspar recognition and Alizarine Red 'S' to differentiate and identify carbonate 
cement. 150 to 200 grains were counted per thin section. The traditional methods 
(IngersoU et. al., 1984) were used for classification and tabulation of grain types. 
Standard petrological techniques using a polarizing microscope were employed to 
describe the thin sections. Authigenic components (cement and matrix replacement 
constituents) were counted separately. Taylor's (1950) method was applied for the 
study of the nature of detrital grain contacts. Computation of contact index was done 
using Pettijohn et. al., (1987) method. 
COMPACTION 
The reduction in the bulk volume of rock is called compaction. It occurs in response 
to four types of processes: grain rearrangement, plastic deformation, dissolution and 
brittle deformation (Wilson and Staton, 1994). The process of compaction results in 
the expulsion of pore fluids and reduction in pore volume due to the load of 
overburden (Chilingarian, 1983). This may also cause some degree of crushing of soft 
pelitic rock fragments resulting in the formation of pseudomatrix. Compaction may 
modify the original framework composition of sandstone, which may be liable to 
misinterpretation. Care has been taken in the evalution of primary framework modes 
to avoid erroneous results. 
GRAIN CONTACTS 
The nature of contacts and contact index (CI) are helpful in understanding the 
aggregate packing of the rocks. The sandstones were studied for their grain contacts 
and percentages of various types of contacts were determined sample wise. The 
contact type is counted along linear traverse grid points in a line. The contact index 
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(CI) is the average number of grain contacts a grain has in its surroundings, 
encountered at point spacing. 
Taylor (1950) identified four types of grain-to-grain contacts in the plane of thin 
sections. Tangential or point contacts, long contact as a line, concavo-convex contact 
as curve line and sutured contact as serrated interfingering contact. In loosely packed 
sandstone some grains may not make any contact with other grains, such grains are 
referred as floating grains. Compaction changes the nature of grain contact and 
increased numbers of long and interpretative contacts appear at the expense of 
floating grains and point contacts. Taylor considered floating and point contacts to 
represent original packing. The long contacts result from little pressure and 
precipitated cement. High degree of compaction results in pressure solution giving 
rise to concavo-convex and sutured contacts. 
The framework constituents of the Jhurio Dome sandstones exhibit mainly floating 
grains and point contacts (Table -12). Floating grain are dominant, followed by point, 
long, concavo-convex and sutured contacts in all the members of Jhurio Dome 
sandstones (PLATE V, Photo 1,2,3). Concavo-convex and sutured contact is absent in 
Dhosa sandstone Member. As a whole, average percentage of different types of 
contacts is as follows: floating grains (56.73 %), point contact (27.34 %), long contact 
(12.14 %), concavo-convex contact (3.15 %) and sutured contact (0.65 %). Values of 
type of contact are suggestive of limited pressure solution activity in these sandstones. 
Minor dissolution of feldspar is another diagenetic feature observed in the studied 
sandstones. Presence of small numbers of concavo-convex as well as sutured contacts 
indicates that chemical compaction played very little role. The mechanical 
compaction is witnessed by bending of detrital mica flakes (Plate V, Photo 4), 
fracturing of quartz grain and flow nature of weaker grains. It is well known that the 
original porosity of sandstones generally vary between 30 and 50 %, which can be 
reduced 10 - 17 % by mechanical compaction (Pryor, 1973; Beard and Weyl, 1973). 
The intergranular quartz cement (minus cement porosity) in these cases averages 
27.25 %, 19.05 %, 26.95 % and 33.15 % which may be due to less mechanical 
compaction during early stage of diagenesis. Less mechanical compaction and high 
content of intergranular cement may be related to high grain strength, good sorting 
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PLATE - V 
Photo 1. Photomicrograph showing Floating, Point and Long 
contacts (5X). 
Photo 2. Photomicrograph showing Concavo-convex contact 
(lOX). 
Photo 3. Photomicrograph showing Sutured contact (lOX). 
Photo 4. Photomicrograph showing Mechanical compaction 
and Silica overgrowth (lOX). 
PLATE - V 
Photo 1 Photo 2 
Photo 3 Photo 4 
and early cementation. The above features are indicative of compaction and pressure 
solution due to shallow burial and/or early cementation. 
The contact index (CI) also gives an indication about the degree of compaction of 
sediments. In the studied sandstone most of the grains are in contact with 0 grain, 
followed by 1 grain, 2 grains, 3 grains and > 4 grains. The average contact index 
value of Dhosa, Athleta, Ridge and Purple Sandstone Members are 0.43, 1.23, 1.33 
and 0.65 respectively (Table - 12). The low contact index value is due to the 
dominance of floating grains and point contacts in the framework constituents. The 
high percentages of floating grains and point contact with low contact index values 
are mainly found in sandstones with pervasive development of calcite, Fe-calcite and 
silica cements, which probably precipitate at later stage. The depositional CI values of 
Atkin and McBride (1992) for different depositional environments such as beach, 
fluvial and aeolian sands are 0.79, 0.91 and 1.02 respectively. Compared to these, the 
original packing and low CI values for these sandstones suggest a low degree of 
compaction. 
CEMENTATION AND MATRIX 
Cementation is the process whereby new minerals are precipitated as syntaxial 
overgrowth in detrital 'seeds' or as authigenic phases into the pore spaces from intra-
formational fluids. The cements are normally considered to cause loss of porosity but 
dissolution and leaching of cements may give rise to secondary porosity. The timing 
of cementation events is of much importance, especially quartz cements which may 
stabilize the framework. Four types of cements are identified in the Jhurio Dome 
sandstones; viz., iron-oxide, carbonate, silica and clay cement. In Dhosa Sandstone 
Member carbonate cement is dominant followed by iron-oxide and silica. In Athleta 
Sandstone Member iron-oxide is the dominant cement followed by silica, clay and 
carbonate cement. In Ridge Sandstone Member iron-oxide is the dominant cement 
followed by clay, carbonate and silica. In Purple Sandstone Member iron-oxide is the 
dominant cement followed by carbonate and silica cement (Table -13). 
IRON-OXIDE CEMENT 
The precipitation of iron-oxide from iron saturated solution is governed by Eh and pH 
of the environment which control the precipitation of varieties of iron bearing 
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minerals. The problem of source, transportation and precipitation of iron has been 
discussed by various workers. Drever (1974) suggested precipitation of iron from 
marine water as a result of upwelling of bottom water into oxidizing environment. 
While Gross (1980) and Simonson (1985) considered iron formation as primarily 
exhalative or hydrothermal in origin. These may also form after significant diagenesis 
where the interstratal solution interact with iron bearing mafic minerals which are 
subsequently precipitating into the interstices under favourable Eh and pH 
environment (Walker, 1974). 
Iron oxide cement occurs in all the studied members and forms a dark brown-black 
coating on the detrital quartz and feldspar grains as well as isolated patches and 
pervasive pore fillings (Plate VI, Photo 1). This coating is variable in thickness 
ranging from 15 to 25 microns. Similar coatings also occur around altered and leached 
feldspar grains. Some of the quartz grains are corroded and enveloped by iron-oxide 
cement. In many instances, the clastic grains have lost their grain morphology and are 
present now in the form of protrusions, embayments and notches. Thin iron coating 
on detrital grains is possibly inherited from source rocks and the presence of corroded 
quartz grain suggests presence of earlier carbonate cement which was replaced by 
iron-oxide. The iron-oxide cement also replaces silica cement. Coating of iron oxide 
on detrital grains may also be extrabasinal-weathering rinds generated during deep 
burial (Walker, 1974). Patchy distribution of iron oxide suggests either aborted 
cementation or dissolution during uplift. 
CARBONA TE CEMENT 
The source of carbonate may be biogenic or early marine carbonate precipitated 
during period of slow sedimentation. Thus carbonate is introduced from outside the 
sandstone sequence. Very little carbonate may precipitate from pore water without 
dissolution of other carbonate minerals. The initial carbonate distribution is facies 
controlled. The early precipitation of carbonate cement takes place in a few 
centimeters below the sediment-water interface (Bjorlykke, 1983). The calcite cement 
formed during deep burial by dissolution and re-precipitation represents redistributed 
carbonate which was buried with the sandstones. 
In the present study the carbonate cement occurs in the form of sparry calcite and 
microcrystalline calcite cement (micrite). The boundaries of detrital grains are 
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PLATE - VI 
Photo 1. Photomicrograph showing Feldspar grain corroded 
by Iron cement (lOX). 
Photo 2. Photomicrograph showing Quartz grain corroded by 
Carbonate cement. (lOX). 
Photo 3. Photomicrograph showing Carbonate cement 
replaced by Iron cement (lOX). 
Photo 4. Photomicrograph showing Glauconite cement 
replaced by Iron cement and Silty matrix (lOX). 
PLATE - VI 
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Photo 1 Photo 2 
Photo 3 Photo 4 
markedly etched and corroded by adjoining calcite cement (Plate VI, Photo 2,3). The 
original framework of the sandstones has been modified as a result of replacement of 
detrital grains by calcite cement. The replacement cementation clearly implies 
chemical instability of the quartz grains and a slow rate of cementation resulting in 
solution of the silicate grains (Dapples, 1979). The replacement of quartz by calcite 
implies that pore waters were under-saturated with respect to quartz and 
supersaturated with respect to calcite. The calcite cementation occurred slowly 
covering a large time span, which is evidenced by corroded quartz grains and 
indistinct boundary between quartz grains and calcite cement. Quartz was corroded by 
the continued movement of fluids. It also suggests presence of syndepositional calcite 
cement, which was later replaced by Fe-calcite cement during burial. Precipitation of 
microcrystalline calcite cement probably took place at shallow depth above water 
table by the process of concretion as evidenced by open framework entrapped iron-
oxide cement. It suggests that the depositional setting may have been intermittently 
exposed, allowing onset of pedogenic process that induced calcite cement 
precipitation. Later, during burial the micrites were replaced by sparry calcite in 
meteoric hydrologic regime along the interface zone of accretion and saturation 
(Ahmad et. al., 2005). 
SILICA CEMENT 
The silica cement is scarce in the studied sandstones and this may be attributed to 
limited compaction of the sandstones, thereby causing very little effect of pressure 
solution. It occurs in the form of quartz overgrowth (PLATE V, Photo 4) on quartz 
grain floating in iron oxide cement as well as microcrystalline chalcedony. The 
overgrowths are more common around coarse grains than medium to fine grains of 
monocrystalline quartz population. The relationship between grain roundness and 
overgrowth indicates that the overgrowths are more common on subrounded and 
rounded grains followed by subangular and angular. In few thin sections locally 
cryptocrystalline quartz seams are found instead of homotaxial overgrowth. The 
chalcedonic quartz cement comprises radiating micro-fibrous quartz forming fan 
shaped aggregate. The source of silica cement may be descending meteoric water 
saturated with silica or pressure solution of detrital quartz and other silicates at grain 
contacts. The conversion of clay minerals during diagenesis and decomposition or 
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alteration of feldspar may release silica saturated solutions. Such solutions may also 
be produced by hydration and leaching of volcanic glass. The pressure solution of 
detrital quartz and other silicates at grain contacts are important source of silica in 
deeply buried sandstones. The possible source for cryptocrystalline quartz cement is 
sponge and intercalations of tuff and volcanic rock fragments, which are 
characteristics of marine sedimentation in rift basin. 
CLAY CEMENT 
Clay cement in the form of Glauconite and Kaolinite occurs in small amount mainly 
in Athleta and Ridge Sandstone Members. It occurs in patches between intergranuiar 
pores and has corroded the detrital grains. 
MATRIX 
In the studied sandstones, silty to clayey matrix is present in varying amounts 
(PLATE VI, Photo 4). Both syndepositional and post-depositional matrix is present. 
The matrix also influences diagenetic process by supplying Fe and reducing porosity 
and permeability by pore filling. 
POROSITY REDUCTION 
The original porosity of sediments is modified, i.e., either reduced or increased during 
diagenesis. In clastic sediments two main processes, which cause reduction in 
porosity, are cementation and compaction. The porosity loss by compaction can be 
quantified using the formulae given by Houseknecht (1987) and by Lundegard (1992). 
According to Houseknecht's formulae, compaction loss was calculated taking simple 
difference between assumed initial porosity and existing optical porosity plus cement. 
In Lundegard's formulae the effects of compaction and sediment bulk volume are 
taken into account. The latter appears to be more reliable and has been used in the 
study to quantify the compactional porosity loss (COPL). Original porosity of 
sandstone generally varies between 30 to 50 %, which can be reduced by 10 to 17 % 
by mechanical compaction (Pryor, 1973; Beard and Weyl, 1973). The initial high 
porosity is attributed to loose packing of sediments at the onset of deposition. In 
addition to compression, rotation of grain and their mechanical breakage during burial 
also reduces porosity in sandstones. 
COPL = Pi - [(lOO-Pi) * Pmc] / (100 - Pmc) 
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Where, Pi is the depositional porosity, Pmc is the minus cement porosity. 
The role of cement in porosity reduction was estimated quantitatively by Lundegard 
(1992). The formulae employed to estimate cementation porosity loss (CEPL) is: 
CEPL = Pi - COPL * (C/Pmc) 
Where, Pi is depositional porosity, C is total cement, Pmc is minus cement porosity, 
COPL is compactional porosity loss. 
Porosity of the sandstones is studied in terms of existing optical porosity (EOP) and 
minus cement porosity (MCP). Herald (1956) defined 'minus-cement' porosity as the 
porosity, which would be present if a specimen contained no chemical cement, i.e., 
the porosity that existed before cementation took place. If minus-cement porosity of 
sandstone is almost equal to the original porosity of a freshly deposited sand, it would 
mean that the sandstone has suffered very little compaction before cementation. There 
has been several studies on random packing arrangements in sediments and in 
aggregates of spheres, which provide some information on initial porosities. Beard 
and Weyl (1973) showed that well sorted and artificially packed sands have porosities 
of about 39 percent, while Pryor (1973) studied recent sand bodies and obtained an 
initial porosity of about 45 percent. The depositional porosity for deltaic sands ranges 
between 42 to 50 percent (Atkins and McBride, 1992). The empirical porosity value is 
taken equal to 45 percent and with this value it is tried to model the porosity evolution 
and relative role of compaction and cementation. Considering the above described 
relationship, minus-cement porosities of the studied sandstones were computed by 
adding the volume of cement to the volume of voids present. The volumes of cement 
and voids were measured in each thin section. 
The existing optical porosity (EOP) of the studied sandstones ranges from 1 to 9 % 
and average is 2.74 % (Table - 13). These porosity values also include secondary 
porosity present in the form of cement dissolution pores and micropores in altered 
feldspars. The studied sandstones have minus cement porosity (MCP) values ranging 
between 14 to 41 %, averaging 28.83%. As a whole, porosity loss due to compaction 
range from 8.43 to 37.43 %, thereby indicating that compaction was not significant 
factor in primary porosity reduction. Porosity loss due to cementation in the studied 
sandstones range from 45.80 to 73.88 %, thereby indicating that cement and matrix 
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played a dominant role in reducing depositional porosity. The study show that 
primary porosity of the sandstones were reduced by compaction through mechanical 
processes in the early stage of diagenesis and largely by cementation through 
chemical processes in the later stage, which finally results in generation of secondary 
porosity. 
DEPTH OF BURIAL 
The petrographic clues have been widely used to predict the depth of burial of 
sediments. A number of methods are available that use different criteria such as 
variables for percentage of matrix and phyllite rock fragments (Smonsa, 1989), the 
number and type of grain to grain contacts, graphic plots of porosity versus depth etc. 
These methods provide a valuable indication of the likely depth of burial (Prothero 
and Schwab, 1996). Several workers (Atwater and Miller, 1965; McCulloh, 1967; 
Lapinskaya and Preshpyakove, 1971; Selley, 1978) on the basis of laboratory and 
field experiments have estimated the depth of burial of sandstones by plotting average 
minus cement porosity of the sandstone on standard burial depth versus minus cement 
porosity graphs. These plots were employed for estimation of depth of burial for 
Jhurio Dome sandstones. The average minus cement porosity plotted on standard 
graphs suggests a depth of burial range of 777 to 2750 meters for sandstones of Jhurio 
Dome (Table -14) (Figure 23). 
DIAGENETIC EVOLUTION 
Three processes are commonly important in modifying the studied sandstones of 
Jhurio Dome; mechanical compaction, chemical compaction and cementation. The 
studied sandstones are subjected to more cementation than compaction. Mechanical 
compaction was the operative during early stage of diagenesis and in a limited way, 
causing rotation and adjustment of grains and formation of point and long contacts. 
Compaction, largely influenced by roundness of detrital particles was possible in the 
absence of an early major cementation phase that could have stabilized the detrital 
framework. Chemical compaction during burial diagenesis resulted in dissolution of 
quartz and formation of silica cement. Another burial diagenetic event was alteration 
of feldspars and dissolution. The feldspar grains show different stages of alteration. 
Dissolution and loss of feldspar can take place in the shallow weathering zone or in 
the deep surface (McBride, 1985). The shallow depth of burial and lack of illitization 
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Figure 23. The relationship between MCP and depth of burial on the three bivariate 
(A, B, C) determined for Jhurio Dome sandstones. The plot (D) is of porosity loss due to 
compaction v/s porosity loss due to cementation. 
suggest that the feldspar in the studied sandstones were destroyed in the shallow 
weathering zone. Among the various cements, quartz was the first to be precipitated 
in the form of overgrowths partially filling in the interparticle pore space. The silica 
forming overgrowth was probably derived from dissolution of quartz grains and/or 
from compaction water. During downward passage of infiltrated waters through the 
zone of aeration produces pedogenic features such as leached zones and horizons of 
accumulation of carbonate minerals. Precipitation of calcite took place in the meteoric 
hydrologic regime. Iron oxide formed last due to weathering and pedogenic processes. 
The relationship of optical porosity versus mean size, sorting and contact index shows 
a much poor trend than that with minus cement porosity (Figure 24). The co-relation 
coefficient determined for the plot is not statistically very significant. This suggests 
that the obliteration of texture was probably due to cementation, corrosion and 
compaction. 
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Table 14 - Interpreted depth of burial of the sandstones of Jhurio 
dome, Kachchh Basin, Gujarat. 
Depth of Burial vs Minus Cement Porosity 
McCuiloh(1967) 
Lapinskaya and Preshpyalcove (1971) 
Selly(1978) 
Atwater and Miller (1965) 
Feet (ft) 
2550 
4500 
5495 
9022 
Meter (m) 
777 
1372 
1675 
2750 
122 
4 
3 H 
S 2 
1 H 
0 
1.50 
SP 1.00 
5 0.50 
5 
FOP 
10 
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0,00 
V = 0 .098 
5 
FOP 
10 
(B) 
2 
1.5 
u 1 
0.5 
0 
V = - 0 . 0 2 6 
5 
FOP 
10 
(B) 
4.00 
3.00 
S 2.00 ^ 
1.00 
0.00 
V=-0.263 
20 40 
MC.P 
(D) 
60 
1.50 
"> 1.00 
^ 0.50 
0.00 
V= 0.128 
20 40 60 
fAC.P 
(E) 
2 n 
1.5 
u 1 -
0.5 
0 
V=-
iA 
• 
1 
0.541 
K.'^ o n 
1 1 
20 40 
MC.P 
(V) 
60 
Figure 24: Bivariant plots of texture and compaction parameters with existing 
optical porosity (A, B, C) and with minus cement porosity (D, E, F) for 
sandstones of Jhurio Dome. 
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DIAGENESIS OF LIMESTONE 
In carbonate diagenesis, the primary driving force is rocic water interaction. Hence, 
tlie key factor in diagenetic equation is the composition of surface and subsurface 
fluids. The waters most commonly in contact with carbonate rocks and sediments are 
marine or meteoric in origin. After the carbonates are deposited, with time they 
interact with different fluids. Such interaction of fluids and sediments take place in a 
special way and leaves unique diagenetic signatures behind (Longman, 1980). The 
diagenetic environment pass vertically and laterally one into the other and the 
carbonate sediments also generally pass from one environment to another with time, 
deposition and burial, sea level changes and/or tectonic movements (Tucker and 
Wright, 1990). 
Detailed and separate work on diagenesis is lacking especially on carbonate members 
of Kachchh basin. Some useful study in this regard has been done by Ahmad et. al., 
(2006). The present study mainly deals with the diagenesis of Middle Jurassic 
(Bajocian - Mid-Oxfordian) carbonate members exposed at Jhurio Dome and this 
investigation will contribute to our knowledge of regional diagenetic history of the 
Jurassic sediments of Kachchh Basin. 
METHODOLOGY 
The study is based on sixty-five oriented thin section (50nm thickness) which were 
prepared and analyzed. The thin sections were stained using Feigl's solution and 
Dickinson's (1965) method of staining was used to identify carbonate mineral and 
cements. For textural categorization of these carbonates Dunham's (1962) 
classification scheme was followed. Keeping in view the controlling factors of 
porosity and consequently permeability in rocks that affect their reservoir quality, we 
have examined in detail these carbonates for diagenetic changes laying emphasis on 
compaction, cementation, neomorphism and micritization. 
COMPACTION 
Mechanical compaction includes rearrangement, deformation and breakage of grains 
while chemical compaction is mainly responsible for pressure solution and 
stylolitization (Meyers, 1978). Evidence of both mechanical and chemical compaction 
where recorded from the studied samples. Mechanical compaction has played a 
dominant role in shaping up the Jhurio and Patcham Formations with exception of 
Jhura Golden Oolite Mb. in which chemical compaction is the dominating factor. 
Chemical compaction in these carbonates has taken effect after the episode of 
mechanical compaction. Carbonates of the Chari Formation is subjected to mainly 
chemical compaction, however there are evidences of mechanical compaction as well. 
Two phases of early compaction are observed. Evidence of the first phase included 
mechanical rearrangement of allochems that probably occurred very soon after 
deposition, resulting in a generally closed packed rock fabric, deformation of bioclast, 
ooids and formation of apophyses of the ooids and pressure solution (PLATE VII, 
Photo 1). Plastic deformation has led to the bending of grains without any breakage as 
a result of indentation. Mechanical compaction of coated grains has led to the spalled-
off laminae. The absence of submarine rim cement between these deformed 
components point to the early marine nature of this compaction episode. Absence of 
any rotated geopetal structure suggests no major post deposition rotation of the 
allochems. Evidence of post-cementation compaction involving breakage of 
allochems and the cement fabric is seen. On the whole it appears that mechanical 
compaction has played sufficient role in shaping these carbonates. The second phase 
of early compaction show a partial dissolution (PLATE VII, Photo 3) at the contacts 
of ooids and bioclast, and their interpenetration isopachous rim cement and minor 
spalling of ooid cortices. Inter ooid cavities are filled with peletoidal and micritic 
matrix. These early compaction phases reflect a marine phreatic environment. 
Sub-parallel early fractures are seen to cut across ooids, fibrous rim cement, 
and geopetal interooid and calcisiltite sediment with scattered dolomite rhomb 
(PLATE VII, Photo 3). In association with the pervasive dolomitization, small, 
scattered anhydrite crystals also form from the sabkha derived brines (Carozzi, 1989). 
The sub-parallel early fractures are filled with calcite cement that often shows optical 
continuity with the cavity filling cement. This type of fracturing is probably due to 
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PLATE - VII 
Photo 1. Photomicrograph showing deformed oolites with their 
outer cortices spalled off and replaced internally by 
sparry calcite (lOX). 
Photo 2. Photomicrograph showing partial dissolution of 
bioclast (2.5X). 
Photo 2. Photomicrograph showing dolomite rhomb (lOX). 
Photo 4. Photomicrograph showing fibrous/drusy cement 
(2.5X). 
Photo 5. Photomicrograph showing blocky cement (lOX). 
Photo 6. Photomicrograph showing rim cement developed 
around crinoid fragment that is replaced by micrite 
(lOX). 
PLATE - VII 
Photo 1 Photo 2 
Photo 3 Photo 4 
Photo 5 Photo 6 
dissolution of subjacent anhydrite. These features reflect early fracture phase in the 
under-saturated freshwater phreatic environment. 
In some cases, the pressure solution sutures are characterized by thin micritic film 
("stylocumulate" of Logan and Semeniuk, 1976). The presence of stylocumulate 
between bioclasts and cement and the intragranular chemical compaction of bioclasts 
surrounded by early cements, is evidence of post-cementation compaction. Intraooid 
pressure solution is also common in distorted ooids. This type of randomly deformed 
and distorted ooids is interpreted to have formed by plastic deformation (eg. Carozzi, 
1961; Jones, 1965; Sarkar, 1973; Kumar and Tiwari, 1978). Strasser (1986) observed 
bimeneralic cortices in Lower Cretaceous ooids in which aragonite laminae are 
dissolved and high Mg-calcite laminae convert into stable low Mg-calcite. The growth 
pattern of intraooid cements suggests that pressure solution probably occurs as a 
continuous process gradually removing the inner cortices of ooids without forming a 
void and without a collapse of outer cortices. 
CEMENTATION 
Cementation takes place in many different carbonate diagenetic environments, each 
one of them is defined on the basis of chemistry and distribution of pore fluids. 
Cementation process has effectively taken place in Badi White Limestone, Jhura 
Golden Oolite, Goradongar Yellow Flagstone, Jumara Coral Limestone and Dhosa 
Golden Oolite Members. 
At least three distinct type of early diagenetic cement occur within the carbonates. 
These early diagenetic cements include fibrous/drusy, blocky and syntaxial rim 
cement. Early marine cements form during deposition or shortly thereafter (eg. 
Steinhauff, 1989, 1993). The fibrous cement types (= radiaxial fibrous mosaic of 
Bathrust, 1975) occur in the form of bundles of calcite crystals embedded in micrite. 
These characteristics reflect that the fibrous calcite cement most probably represents 
replacements of fibrous aragonite cement (eg. Bathurst, 1975). The high Mg^ VCa^ "^  
ratio in the normal marine water facilitates the formation of fibrous calcite cement 
(Folk, 1974). Studies have shown that early marine cement grows as aragonite of high 
Mg-calcite needles perpendicular to the surface of the grains. They form drusy 
overgrowth of uniform thickness around the rim of the voids and secondary blocky 
cement (PLATE VII, Photo 4). These are first generation cements in many limestone 
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of the marine-phreatic zone (eg. James and Choquette, 1984; Singh, 1987). A second-
generation cement of the equant habit follows the fibrous cement in optical continuity. 
This equant calcite microspar comprises polygonal, equigranular crystals, which 
occur in the form of intergranular and void fill cements (Whittle et. al., 1993) and 
have a patchy distribution. These equant crystals also make zigzag transition into the 
fibrous crystals on one side and into the micrite on the other side. Strasser (1986) 
related this feature to early diagenetic epitaxial growth. The distribution and fabric of 
this equant cement are consistent with the formation in meteoric vadose environment. 
The fibrous crystals are elongated with length/breadth ratio as great as 12:1 as against 
7:1 ratio observed by Bathurst (1959) in Carboniferous knoll reefs. This evidence 
reflects that the fibrous calcite cement most probably represent replacement of 
primary fibrous aragonite cement (eg. Bathurst, 1975). Also most modem day marine 
cements form isopachous crusts of acicular crystals of aragonite of Mg-calcite 
(Longman, 1980; James and Choquette, 1983) and all Recent submarine and beach 
rock cements are of bladed to fibrous nature (Bricker, 1971). 
The blocky cement (PLATE VII, Photo 5) generally completely fills the intergranular 
pores. Some of it also occurs as intragranular cement filling up internal cavities of the 
bioclasts and ooids. These cements are generally located in the centre of the pores. In 
meteoric water environment, the low energy Mg^ "^  facilitates precipitation of block 
shaped calcite cement. This type of cement is analogous to meteoric cement in many 
Holocene sequences and had been interpreted to represent freshwater diagenesis. In 
some cases dissolution features associated with the central blocky cement of pores is 
seen which is interpreted to represent deep burial diagenesis (eg. Oldershaw, 1971; 
Folk, 1974; Bathurst, 1975; Wong and Oldershaw, 1981). Studies have shown that at 
great burial depth and higher temperatures, block shaped calcite may precipitate as 
late diagenetic cement consuming the earlier cements. In some cases the blocky 
cement is characterized by ferroan vein calcite, which represents the final phase of 
cementation and probably formed in the deep phreatic burial environment (eg. Singh, 
1987). Carbonate rocks characterized by this late stage cement may have some 
retained primary porosity. Hardgrounds that are present within the strata are most 
likely the source of iron in these burial cements (Ahmad et. al., 2006). 
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Syntaxial rim cement (PLATE VII, Photo 6) is observed on echinoderms and coated 
grains. It is most common on the non-micritized crinoidal bioclast. The syntaxial 
overgrowth is juxtaposed with intergranular cavity filling sparite mosaic. The 
overgrowth shows strongly preferred orientation in optic continuity with the 
echinoderm nucleus. Coating of micrite on the grains and in the outer pores obliterates 
the development of syntaxial rim cement. Textural evidence suggests that overgrowth 
is contemporaneous with early marine cements and the two show interference effects 
reflecting a competitive growth. Some studies relate the overgrowth to the freshwater 
diagenetic environment (Land 1970; Jacka and Brand, 1977; Meyers, 1978; Halley 
and Harris, 1979; Longman, 1980). Evidence in this study suggests early marine 
origin for syntaxial overgrowth and agrees with Meyers and Longman (1978), who 
suggested that the overgrowth was originally composed of Mg-calcite. McGill and 
Walker (1982), on the basis of textural evidence also suggest an early marine origin 
for overgrowth cement on echinoderm bioclasts in the Holston Formation. 
Carbonates characterized by extensive early marine cements represent high-energy 
environments (active marine phreatic zone of Tucker and Wright, 1990). In this 
environment, marine cementation is favoured and thus most pervasive near the 
sediment-water interface, where water can be flushed through the porous structure of 
the sediments (Macintyre, 1977). 
MICRITIZATION 
Micritization process has played a role in shaping Badi White Limestone, Badi Lower 
Golden Oolite, Goradongar Yellow Flagstone, Jumara Coral Limestone, Sponge 
Limestone and Dhosa Golden Oolite Members. Micritization in the form of micritic 
envelope and completely micritized grains and groundmass is evident (PLATE VIII, 
Photo 1). Blue green algae and fungi bore the allochems on the sea floor. These bores 
are later filled by small low Mg-calcite crystals and remain even after the shell is 
dissolved. A micritic envelope is formed if precipitation in the boring is accompanied 
by bacterial decomposition of organic matter (Bathurst, 1975). Under favorable 
conditions the boring process continues leaving behind only lump without any record 
of the original grain. 
Some of the bioclasts and ooids have been completely micritized and leave bioclastic 
lumps and ooids with vague concentric lamination. Generally the micritized grains are 
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PLATE - VIII 
Photo 1. Photomicrograph showing sparry calcite cement 
replaced by micrite (lOX). 
Photo 2. Photomicrograph showing calcitization of aragonite 
bioclast by coarse calcite mosaic i.e. neomorphism 
(lOX). 
Photo 3. Photomicrograph showing borings, dissolution and 
porosity partially retained (lOX). 
Photo 4. Photomicrograph showing stylolite and resultant 
porosity (lOX). 
Photo 5. Photomicrograph showing fracture sparry calcite vein 
(lOX). 
PLATE - VIII 
Photo 1 
—'—r r— 
, • • • • • • -
Photo 2 
Photo 3 Photo 4 
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found associated with the faunas, particularly endolithic microbial colonies of shallow 
marine low-energy environments. These algae initially bored around the margins of 
the allochems and the bores filled with microcrystalline sediment create a micritic 
envelope. In relatively undeformed ooids, the cortices comprise alternating concentric 
shells of clear aragonite and darker, golden brown microcrystalline aragonite. In some 
cases individual laminae are selectively dissolved while in others, sets of laminae are 
partially dissolved. Harris et. al., (1979) have attributed this type of micritic layer to 
the boring of endolithic algae, which may be either infilled by aragonite or preserved 
as open borings. Micritization is generally an early marine process where upto 20% 
of skeletal grains may be micritized (Sherman et. al., 1999). However, micritised 
grains also form due to syn-depositional recrystallization of skeletal carbonate to 
equant micritic fabrics (Reid et. al., 1992; Macintyre and Reid, 1995, 1998). Evidence 
of little sediment movement, ubiquitous microbial micritization of grains and 
limited cementation reflect stagnant marine phreatic zone environment (Tucker and 
Wright, 1990). 
NEOMORPHISM 
Neomorphirm is evident in Jhura Golden Oolite, Goradongar Yellow Flagstone and 
Sponge Limestone Members. Evidence of neomorphism is reflected in calcitization of 
aragonitic bioclasts by coarse calcite mosaic (PLATE VIII, Photo 2). The altered 
bioclasts (mainly brachiopod) display fabric selective mosaic, in which the individual 
calcite crystals in the original bioclasts do not extend beyond the original boundaries 
into void-filling cement. Mg-calcite grains have largely retained their skeletal 
microstructure but have lost Mg"^ ^ and are now composed of calcite. Budd and Hiatt 
(1993) have attributed this loss in Mg"^ ^ to intercrystal dissolution-precipitation in a 
meteoric environment. Aggrading neomorphism is evident in the form of irregular 
patches of neomorphic calcite microspar found within micritic matrix. Non-fabric 
selective dissolution has created vugs, especially in well-lithified lime-mud. Patchy 
distribution of neomorphic fabrics along with the fabric selective calcite mosaic is 
consistent with neomorphism in meteoric vadose zone (Sherman et. al., 1999). 
The micritic intraclast have been replaced internally by calcite, clearly indicating the 
replacement of micritic grains by larger calcite crystal mosaic. It is also apparent that 
this secondary, equigranular mosaic is less ordered geometrically and represents 
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aggrading neomorphism (Bathurst, 1975). In such cases, much of the original 
structure of the allochems has remained preserved, even after replacement by 
neomorphic calcite. The crystals become large towards the center of the void and 
form a drusy mosaic (Bathurst, 1975). 
POROSITY 
In the studied limestones of Jhurio Dome, both primary and secondary porosities were 
recorded. The primary porosity includes both intergranular and intragranular porosity. 
Little early cementation in most of the Jhurio and Patcham Formations has caused 
pressure to be uniformly distributed consequently reducing the pressure solution with 
burial. This resulted in remaining porosity being retained until their deep burial 
diagenesis. Besides, growth framework porosity is also observed in this study, which 
is displayed by micrite filled bryozoan zoecia and primary cavities in Coral algae. 
Secondary porosity has evolved through biological breakdown of the allochems and 
chemical breakdown of the carbonate minerals. Boring made by organism is 
extensively developed in micritic and pelletic sediments (PLATE VIII, Photo 3). 
Grains are truncated around the margins of the boring, indicating that the sediment 
was consolidated at the time of boring. This boring is filled with secondary calcite 
cement. In other cases, boring algae has produced micrite, which is more stable during 
later diagenetic transformations and a micritic envelop forms around the allochems. 
Evidence of dissolution of aragonite and persistence of low Mg-calcite matrix 
suggests evolution of secondary porosity in these carbonates. Selective dissolution has 
etched out the centers of 9oids and bioclasts and has left concentrically bended rinds. 
Particularly distinctive is pressure solution feature "stylolites" (PLATE VIII, Photo 4) 
and fracture porosity (calcite veins giving rise to intercrystal porosity) (PLATE VIII, 
Photo 5). The stylolytes (0.5-1.0 mm amplitude) are more common in wackestone-
packstone facies. These are characterized by residue of insoluble opaque and finely 
divided silicate minerals and organic matter, which shows that much limestone has 
been dissolved. Presence of clay (mainly kaolinite) minerals retard cementation and 
recrystallization, thus help in compaction process and reduction in porosity. 
Study of Jhurio Dome carbonates, reveals that these rocks have partially retained their 
primary porosity but are mainly characterized by secondary porosity. Dissolution 
appears to have been the main mechanism responsible for the formation of secondary 
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porosity in these rocks producing a variety of distinctive and interesting texture. Tlie 
study reveals that the Jhurio Dome carbonate members have an existing optical 
porosity of 34 - 45% while the minus cement porosity ranges from 09 - 21%. 
Chemical compaction has followed the two phases of early mechanical compaction. 
Both mechanical and chemical compaction has played an important role in shaping 
these carbonates. Chemical compaction is evidenced by intergranular and 
intragranular pressure solution and formation of stylocumulate layer between the 
allochems and early-formed cements. Evidence of mechanical compaction is in the 
form of fractures, closed pack rock fabric, deformed bioclasts and ooids, formation of 
apophysis of ooids and presence of stylolites. Silicification has taken place replacing 
the ooid cores and inner cortices and intergranular pore space representing an early 
marine freshwater phreatic environment. Clay layers have enhanced stylolite 
formation in deep burial environment by acting as favourable sites for accumulation 
of the insoluble residue produced by dissolution of carbonates. 
Three types of cements are revealed in the studied limestones namely, fibrous/drusy, 
blocky and syntaxial overgrowth representing marine phreatic, freshwater phreatic 
and deep burial diagenetic stages. Evidence suggests that fibrous/drusy cements have 
formed in early marine phreatic and meteoric vadose diagenetic environment 
respectively while blocky and syntaxial rim cements have formed in deep burial 
phreatic and early marine freshwater phreatic diagenetic environment respectively. 
Neomorphism is represented by calcitization of aragonite bioclasts by coarse calcite 
mosaic in bioclast and formation of the irregular patches of calcite microspar. This 
type of patchy distribution of neomorphic calcite crystals along with the fabric 
selective calcite mosaic in bioclast is consistent with neomorphism in meteoric vadose 
zone. Calcite vein and stylolites cutting across the sparry calcite cement bearing 
carbonates and pervasive silicification within the intergranular pore space reflect 
neomorphism in marine freshwater phreatic environment. 
Micritization is represented in the form of micritic envelopes and completely 
micritized framework grains leaving bioclastic lumps and ooids with vague concentric 
lamination. Evidence of little sediment movement, ubiquitous microbial micritization 
of grains and limited cementation is consistent with stagnant marine phreatic zone 
environment. 
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Both primary and secondary porosity exists in these carbonates, which determine the 
permeability in these rocks. Primary porosity appears to have been partially retained 
and lasted until the deep burial diagenetic stage. Secondary porosity was generated by 
dissolution and leaching of the framework grains and cements in the form of fracture, 
pressure solution cavities and micritization of allochems reducing the rock by about 
30 percent. 
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The Kachchh Basin is an ideal site for the study of marine history and operation of 
geological processes during the early phases of the opening of the Indian Ocean 
during Jurassic times. Kachchh Basin is situated at the southern edge of the Indus 
shelf at right angles to the southern edge of the Indus rift (Zaigham and Mallick, 
2000). It is bounded by the Nargar Parkar fault in the north, Radhanpur- Banner arch 
in the east and Kathiawar fault towards the south. The Basin extends between latitude 
22° 30' and 24° SO'N and longitudes 68 ° and 72 °E covering entire Kachchh district 
and western part of Banaskantha (Santalpur Taluka) districts of Gujarat state. It is an 
east- west oriented pericratonic embayment opening and deepening towards the sea in 
the west towards the Arabian Sea. The basin covers an area of about 16,500 sq.miles 
of which outcrop area include only 500 sq.miles. The basin is filled up with 5000 -
8000 ft. of Mesozoic sediments and 1800 ft. of tertiary sediments (Mishra and Tiwari, 
2006). The sediment fills thicken from less than 500m in the north to over 4000m in 
the south and from 200m in the east to over 2500m in the west indicating a 
palaeoslope in the southwest (Biswas, 2002). Kachchh sedimentary basin is an E-W 
oriented peri-continental basin situated on the western margin of Indian plate 
representing the westerly dipping eastern flank of Indus shelf (Biswas, 1982). The 
basin is the earliest rift basin, which initiated as a result of north and north east 
drifting coupled with counter-clockwise rotation of the Indian plate after its 
detachment from the Gondwanaland during late Triassic (Biswas, 1982) and 
experienced marine mixed siliciclastic - carbonate sedimentation from Middle 
Jurassic to Neogene time. The rifting took place within the mid-Proterozoic mobile 
belt that welded the northern Bundelkhand and Southern Deccan proto-cratons and 
was controlled by the Precambrian NE- SW trend of the Delhi fold belt that swing to 
E-W in Kachchh region (Radhakrishnan and Naqvi, 1986; Biswas, 1999). 
The Mesozoic rocks in the Kachchh basin ranges from Middle Jurassic to Lower 
Cretaceous and are exposed extensively in the Kachchh Mainland, Wagad, the Islands 
of Patcham, Bela, Khadir and Chorar. Shallow marine Jurassic rocks are extensively 
spread in the Kachchh region ranging in age from Bajocian to Albian which rest 
unconformably on the Precambrian basement (Datta, 1983; Bardan and Datta, 1987; 
Biswas et al, 1993).The mainland outcrops expose a continuous succession from 
Bathonian to Santonian and consist of most prominent ridge extending for about 
193km from Habo in the east to Lakhpat in the west. 
The Jhurio Dome of Kachchh basin was chosen for the study because of its proximity 
from Bhuj, Headquarters of Kachchh and good exposures of Middle to Upper Jurassic 
rocks along various Nala and River cuttings. In present study, an attempt has been 
made to emphasize the importance of microfacies, petrofacies and diagenetic studies 
to interpret the depositional environment, provenance and tectonic history of Kachchh 
basin as well as degree of compaction, cementation and depth of burial of the 
enclosed sediments. 
The study area of Jhurio Dome of Kachchh basin is constituted of heterogeneous 
assemblage of sandstone, limestone, marl, shale and conglomerate. They are generally 
white, purple, brownish and yellow in color, fine to medium grained, soft to hard, 
friable to compact. There is vertical variation in the primary sedimentary structures. 
These are trough cross bedding, tabular cross bedding, herringbone cross bedding, 
laminations. In the present work, four lithostratigraphic sections are described. These 
sections were measured, analyzed in the field and ~400 representative sandstone and 
limestone samples were collected for their petrographic examination. Amongst which 
270 samples were finally chosen for the study. The sandstone and limestone samples 
were cut into standard petrographic thin-sections. They were stained with 
cobaltinitrate for potassium feldspar recognition. 250 to 300 grains were counted per 
thin section. The traditional methods (Ingersoll et. al., 1984) were used to classify and 
tabulation of grain types. Standard petrological techniques using a polarizing 
microscope were employed to describe the thin sections. Authigenic components 
(cement and matrix replacement constituents) were counted separately. The heavy 
mineral separation was done following Carver (1971), and identification was 
undertaken following Krumbein and Pettijohn (1938) as well as Milner (1962). Taylor 
(1950) method was applied for the study of the nature of detrital grain contacts and 
for computation of contact index; the method of Pettijohn et. al., (1987) was used. The 
diagenetic process of sandstones and limestones was taken into account to check the 
modification of original detrital composition while attempting interpretation of 
provenance. Detrital mineralogy of the sandstones including lighter and heavy 
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minerals was studied for the purpose of petrographic classification of the sandstones 
and interpretation of their provenance. Classification scheme of Folk (1980) based on 
composition of detrital constituents and Dickinson (1985) scheme based on the 
tectonic setting of the provenance were used. The factors of climate and transport that 
influence the framework composition of sandstones were studied to evaluate their 
effects on the detrital modes of sandstone. Microfacies and lithofacies analysis of the 
limestone and sandstone were carried out respectively to interpret the depositional 
environment of the Jhurio Dome. 
The statistical parameters of grain size analysis show that the sandstones are medium 
to fine grained, moderately to moderately well sorted, strongly fine skewed and 
platykurtic to mesokurtic. Most of the grains are subangular to subrounded and have 
low sphericity. Bivariant plots of various parameters has moderate inverse 
relationship between mean size versus sorting indicating decrease in grain size with 
increasing sorting, which reflects fluctuating hydrodynamic conditions during 
deposition. Mean size versus skewness has poor inverse relationship (except for Ridge 
sandstone member, which shows a very poor positive relationship). Mean size versus 
roundness has moderate inverse relationship indicating increase in roundness with 
decreasing grain size. Mean size versus sphericity shows poor negative relationship 
giving hint of decrease in sphericity with increase in grain size, roundness versus 
sorting has moderate positive relationship giving indication of increase in roundness 
with sorting and sphericity versus sorting has poor positive relationship giving hint of 
increase in sphericity. Overall textural maturity of the Jhurio Dome Sandstone 
Members can be considered as submature to mature. 
According to Folk (1980) classification, the Jhurio Dome sandstones are mainly 
Quartzarenite and Subarkose. The framework grains are mainly quartz followed by 
feldspar, rock fragments, micas and heavy minerals. Most of the quartz grains are 
monocrystalline, rest being polycrystalline. The monocrystalline quartz generally 
shows undulatory extinction. Polycrystalline quartz grains possess both sharp and 
sutured intercrystalline boundaries. Feldspars include plagioclase and microcline, both 
fresh and altered varieties. Biotites as well as large flakes of muscovite mica are 
observed. Rock fragments include chert, shale, schist, phyllite etc. Average detrital 
mineralogy includes monocrystalline quartz (83.84 %), polycrystalline recrystallised 
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metamorphic quartz (3.34 %), stretched metamorphic quartz (0.83 %), feldspar (6.94 
%), rock fragments (2.65 %), mica (2.55 %) and heavy minerals. The detrital grains of 
the Jhurio Dome sandstones are in the sand size range. 
Occurrence of zircon, tourmaline, and rutile suggest an origin from igneous (plutonic) 
source rocks. Presence of epidote, garnet and staurolite indicate a source of 
metamorphic rocks (Wanas et. al., 2006). The opaque heavy minerals are dominant 
in the upper and middle sandstone members while the transparent heavy minerals 
are quiet appreciable in the middle and lower sandstone members. On this 
basis the sandstones can be distinguished in two distinct assemblages, i) gamet-
staurolite-homblende-epidote assemblage, ii) zircon-tourmaline-rutile assemblage. 
The assemblages indicate that the sediments were derived from two different 
lithological Precambrian terrain; one is dominated by metamorphic rock and other is 
igneous (acid and basic), besides a little contribution from sedimentary source. The 
Jhurio Dome sediments were derived from a variety of source rocks (mixed 
provenance) comprising granitic batholiths/igneous plutons, magmatic arc, granite-
gneisses, pegmatite or schist, metaquartzite and quartz vein etc. 
To interpret the depositional environment, facies analysis is categorized into two parts 
i.e. microfacies for the limestone units and lithofacies for the sandstone units of the 
study area. The temporal distribution of the microfacies assemblages reflect an inter-
relationship of three sub-environment i.e., slope, carbonate shoal and lagoon 
representing cycles of coarsening upward or deepening - shallowing cycles. 
However, the change between successive sub-environments is both gradual as well as 
abrupt. The abrupt change may be attributed to quick transgressive - regressive 
events probably under the effect of local tectonics (uplift or subsidence due to 
faulting) or fluctuations of sea level. Two distinct lithofacies assemblages have been 
identified based on association of their textural characteristics and sedimentary 
structures with one another and their environment of deposition is interpreted as wave 
dominated inter tidal / sub tidal deposits and storm-wave dominated shoreline 
deposits. The depositional environment inferred on the basin of microfacies and 
lithofacies assemblages were later clubbed into one in order to construct a conceptual 
depositional model. 
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The Badi White Limestone Member is interpreted to be deposits of probably deep 
shelf margin below storm wave base or much below fair weather wave base and out 
of reach of storms. Badi Golden Oolite Member is interpreted to be deposited on the 
winnowed platform (carbonate shoal) thereby reflecting shallow of the basin. The 
deposition of Jhura Golden Oolite is interpreted starts in open to restricted platform 
(lagoon) and deposition took place at winnowed platform (carbonate shoal) thereby 
reflecting transgression phase. Goradongar Yellow Flagstone Member represents a 
mixed carbonate-silicicalstic environment in which the carbonates were deposited on 
the moderate to low energy outer carbonate ramp on the slope where the 
autocthonous carbonate content was diluted by silt and sand from terrigenous source 
and the siliciclastic material was reworked during subsequent transgression. The 
Jumara Coral Limestone Member is interpreted to represent deposits of the deep 
shelf margin or foreslope below fair weather wave base. The top of Jumara Coral 
Limestone Member is composed of lag deposits formed due to erosion by storm as 
the sea started regressing. The Purple Sandstone Member is interpreted to be deposit 
of storm-wave dominated shoreface in a regressive regime. The Sponge Limestone 
Member is interpreted to be deposited on the deep shelf margin or foreslope below 
fair weather wave base and is affected by occasional storm in the upper part of the 
unit and represents overall deepening of the basin. This unit contains beds of 
sandstone which are medium to coarse grained and are interpreted as storm wave 
dominated shoreface deposits based on lithofacies association. The Ridge Sandstone 
Member and the Athleta Sandstone Member are interpreted to be deposit of wave 
dominated inter tidal to sub tidal environment and represent regressive phase. 
Callovian-Oxfordian time was marked by a world-wide sea level rise, reaching its 
peak either in Oxfordian or Kimmeridgian (Vail and Todd, 1981: Hallam, 1984), 
causing major transgressions in many part of the world. Biswas (1981), Singh (1989) 
and Fursich (1991) consider Dhosa Oolite Member to mark the maximum 
transgression in Kachchh. Lithofacies assemblage suggest that the lower portion of 
Dhosa Oolite (Dhosa Oolite Sandstone Member) may have been deposited in storm-
wave dominated shoreline environment, in the proximity of shore as suggested by 
presence of wave ripples deposited above the wave base. The deposition of upper 
part of Dhosa Oolite (carbonates) took place below the wave base and it can be best 
described as condensed horizon formed during a major regional transgressive event. 
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According to Fursich et. al., (1992), the deposition of Dhosa Oolite took place as a 
result of alternating phases of sedimentation, cementation and large scale bio-erosion 
in relation to uniform offshore setting well below fair weather wave base but still 
within the reach of singular storm. 
In the present study, the detrital minerals of Jhurio Dome sandstones were studied for 
the purpose of interpreting their provenance. Triangular diagrams of Dickinson 
(1985); Qt-F-L, Qm-F-Lt, Qp-Lv-Ls, Qm-P-K were used. Both Qt-F-L and Qm-F-Lt 
plots show full grain populations, but with different emphasis. The Qp-Lv-Ls and 
Qm-P-K plots show only partial grains populations, but reveal the character of 
polycrystalline and monocrystalline components of the framework respectively. 
The Qt-F-L diagram which emphasizes factors controlled by provenance, relief, 
weathering and transport mechanism is based on total quartzose, feldspar and lithic 
content. Plot of the recalculated values revealed that most of the samples of the Jhurio 
Dome sandstones lay in continental block provenance field suggesting contribution 
from the craton interior with basement uplift. One sample fall in the recycled orogen 
provenance suggesting their derivation from metasedimentary and sedimentary rocks 
those were originally deposited along former passive continental margins. The Qm-F-
Lt plot shows that the samples fall in the continental block provenance with 
contribution from the recycled orogen provenance. The Qp-Lv-Ls plot, which is based 
on the rock fragments population, reveals the source in rifted continental margin and 
collision suture and fold thrust belt. In the Qm-P-K diagram, the data lie in the 
continental block provenance reflecting maturity of sediments and stability of source 
area. 
The plots of Jhurio Dome sandstones on Qt-F-Land Qm-F-Lt diagram suggest that the 
detritus of the sandstones were derive from the granite-gneisses exhumed in the craton 
interior and low to high metamorphosed supracrustal forming recycled orogen 
provenance. The Qp-Lv-Ls plot reveals the source in rifted continental margin and 
collision suture and fold thrust belt. In the Qm-P-K diagram, the data lie in the 
continental block provenance reflecting maturity of sediments and stability of source 
area. The provenance for Jhurio Dome sandstones is believed to be weathered parts of 
the present day Aravalli Range situated northeast, east and southeast of the basin and 
Nagar Parkar massif situated north and northwest of the basin. The analysis of data 
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plotted on different diagrams, an attempt to reconstruct a plate tectonic for the 
tectonic setting of Jhurio Dome sandstones within Kachchh basin. An incipient rift 
develops during within Precambrian granite- gneiss and schist which formed the 
basement. These rocks were weathered under relatively warm and humid climate, 
which destroyed most of the feldspar and other labile constituents. Thus quartz rich 
detritus were shed into the Kachchh rift. The relief of the provenance was low and 
erosion processes were not strong enough to remove the cover rocks from the 
basement. 
The average percentage of different types of contacts is as follows: Floating grains 
(56.73%), Point contact (27.34%), Long contact (12.14%), Concavo- convex contact 
(3.15%) and Suture contact (0.65%). Values of type of contact are suggestive of 
limited pressure solution activity in these sandstones. The average minus cement 
porosity in the in the studied sandstones is 27.25%, 26.95%, 19.05% and 33.15%, 
which may be due to less mechanical compaction during early stage of diagenesis. 
The average contact index value of Dhosa sandstone, Athleta sandstone, Ridge 
sandstone and Purple sandstone is 0.43, 1.23, 1.33 and 0.65 respectively. The low 
contact index values are mainly found in sandstones with pervasive development of 
calcite, Fe-calcite and silica cements, which probably precipitate at later stage. 
Four types of cements are identified in the Jhurio Dome sandstones, viz; iron oxide, 
carbonate, silica and clay cement. Silty to clayey matrix is present in varying 
amounts. The existing original porosity (EOP) of the studied sandstones ranges from 
16.9% and average is 2.74% and minus cement porosity values ranges from 14 to 
41%, averaging 28.83%. As a whole, porosity loss due to compaction range from 8.43 
to 37.43%, thereby indicating that compaction was not significant factor in primary 
porosity reduction. Porosity loss due to cementation in the studied sandstone range 
from 45.80 to 73.88%, thereby indicating that cement and matrix played a dominant 
role in reducing depositional porosity. The average minus cement porosity plotted on 
standard graphs suggests a depth of burial of about 777 to 2750 meters fit sandstones 
of Jhurio Dome. 
The diagenetic signatures of compaction, cementation, micritization, neomorphism 
and resultant porosity and permeability observed within the limestone members of the 
Jhurio Dome at different stratigarphic levels suggest early or syn-depositional 
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and post depositional changes in marine phreatic (all carbonate members), 
under-saturated freshwater phreatic (Jhura Golden Oolite, Goradongar Yellow 
Flagstone and Sponge Limestone members) and deep burial (Badi Lower Golden 
Oolite, Jhura Golden Oolite, Jumara Coral Limestone and Dhosa Oolite members) 
diagenetic environments. 
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